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AUTHOR’S  PREFACE. 


The  author  of  this  epitome  has  endeavored  to  supply  the 
student^  and  the  practitioner  also,  who  wishes  to  review  or 
prepare  for  an  examination,  with  a condensed  treatise  con- 
taining the  essential  facts  in  histology. 

The  subject  is  becoming  so  extensive  that  many  have  not 
the  time  to  study  carefully  the  larger  books,  except  as  works 
of  reference  ; simplicity  has,  therefore,  been  the  chief  guide 
in  the  preparation  of  this  work,  and  it  is  in  no  way  intended 
to  replace  the  more  complete  or  larger  volumes. 

It  has  been  the  intention  of  the  writer  to  tabulate  clearly 
and  concisely  the  most  important  points  for  the  student,  and 
such  embryology  has  been  included  as  will  aid  in  a correct 
understanding  of  histology  and  a better  appreciation  of  ])atli- 
ology.  A special  chapter  has  been  added  on  the  technique 
of  preparing  and  staining  tissues. 

In  conclusion  the  author  wishes  to  acknowledp:e  his  indebt- 
edness  to  Dr.  Arthur  Kipp,  who  rendered  much  aid  in  the 
preparation  of  the  work,  to  the  Editor  of  this  Series,  and  to 
the  publishers,  who  have  extended  him  many  courtesies. 

J.  R.  W. 


Louis\nLLE,  Ky.,  1903. 


3 


Digitized  by  the  Internet  Archive 

in  2016 


https://archive.org/details/b2805801x 


EDITOR’S  PREFACE. 


In  arranging  for  the  editorsliip  of  The  Medical  Tjpitome 
Series  the  publishers  established  a few  simple  eonditions, 
namely,  that  the  Series  as  a whole  should  embrace  the  entire 
realm  of  medicine ; that  the  individual  volumes  should  au- 
thoritatively cover  their  respective  subjects  in  all  essentials ; 
and  that  the  maximum  amount  of  information,  in  letter- 
press  and  engravings,  should  be  given  for  a minimum  price. 
It  was  the  belief  of  publishers  and  editor  alike  that  brief 
works  of  high  character  would  render  valuable  service  not 
only  to  students,  but  also  to  practitioners  who  might  wish 
to  refresh  or  sup]dement  their  knowledge  to  date. 

To  the  authors  the  editor  extends  his  heartiest  thanks  for 
their  excellent  work.  They  have  fully  justified  his  choice 
in  inviting  them  to  undertake  a kind  of  literary  task  which 
is  always  difficult — namely,  the  combination  of  brevity,  clear- 
ness, and  comprehensiveness.  The  authors  have  shown  a 
consistent  interest  in  the  work  and  an  earnest  endeavor  to 
cooperate  with  the  editor  throughout  the  undertaking.  Co- 
operation  of  this  kind  ought  to  result  in  useful  books,  in 
brief  manuals  as  contradistinguished  from  mere  compends. 
The  editor  desires  at  this  opportunity  to  express  his  a])])re- 
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ciation  of  their  helpfulness  in  the  matter  of  producing  the 
pro})er  character  of  work. 

In  order  to  render  the  volumes  suitable  for  quizzing,  and 
yet  preserve  the  continuity  of  the  text  unbroken  by  the 
interpolation  of  questions  throughout  the  subject-matter, 
which  has  heretofore  been  the  design  in  books  of  this  type, 
all  questions  have  been  placed  at  the  end  of  each  chapter. 
This  new  arrangement,  it  is  hoped,  will  be  convenient  alike 
to  students  and  practitioners. 

V.  C.  P. 

New  York,  1903. 


CONTENTS 


CHAPTER  I. 

PAGE 

The  Cells 17 

CHAPTER  II. 

The  Epithelial  and  Connective  Tissues 23 

CHAPTER  HI. 

Cartilage  and  Bone 31 

CHAPTER  IV. 

The  Muscular  and  Nervous  Tissues 39 

CHAPTER  V. 

The  Circulatory  System 50 

CHAPTER  VI. 

The  Lymphatic  System 57 

CHAPTER  VII. 

The  Digestive  Organs 61 

* 

CHAPTER  VIII. 

The  Digestive  Organs  {Continued)  85 

’ CHAPTER  IX. 

The  Urinary  Organs 95 

7 


8 


CONTENTS. 


CHAPTER  X. 

PACK 

The  Female  Reproductive  Organs 107 

CHAPTER  XL 

The  Male  Reproductive  Organs 121 

CHAPTER  XII. 

The  Respiratory  Organs 135 

CHAPTER  XIII. 

The  Skin  and  its  Appendages 143 

CHAPTER  XIV. 

The  Central  Nervous  System 153 

CHAPTER  XV. 

The  Eye  and  its  Appendages 173 

CHAPTER  XVI. 

The  Organ  of  Hearing 188 

CHAPTER  XVII. 

The  Nasal  Mucous  Membrane 197 

CHAPTER  XVIII. 

Development  of  the  Ovum 200 

CHAPTER  XIX. 

Histological  Technique 205 


Index 217 


NORMAL  HISTOLOGY. 


CHAPTER  I. 

THE  CELLS. 

Histology  is  that  medical  science  which  treats  of  the 
microscopic  normal  anatomy  of  tissues  of  the  human  body. 

The  various  tissues  of  the  body  are  constructed,  primarily, 
of  cells  and  intercellular  substance. 

Histology  first  treats  of  the  cell  as  a tissue-element  and 
later  discusses  the  relation  of  the  various  tissues  to  each 
other  as  found  in  the  different  organs  of  the  human  body. 

The  Typical  Cell. — The  cell  is  typically  a minute  mass  of 
protoplasm,  irregular  iu  shape,  and  having  embedded  in  its 
substance  a spherical  body,  the  nucleus.  Each  cell  has  a 
structure  and  individuality  peculiar  to  itself,  and  is  divided 
into  cell- wall,  cell-body,  nucleus,  nucleolus,  and  centrosome. 

The  cell-body^  or  cytoplasm,  constitutes  the  larger  portion  of 
the  cell  and  is  divided  into  the  spongloplasMy  a reticulum  of 
delicate  fibres;  the  hyaloplasm,  which  is  a clear  semifluid 
substance  filling  the  spaces  between  the  fibres  ; and  lastly 
the  metapdasm,  which  consists  of  the  small  granules  often 
found  in  the  cell-protoplasm. 

The  nucleus  is  a round  body  within  the  cell  and  composed 
of  the  nuclear  membrane  or  wall,  and  the  nuclear  matrix,  a 
semifluid  fibrillated  or  reticulated  substance.  The  nuclear 
fibrils  are  of  two  varieties,  the  chromatin  and  the  achromatin 
fibrils,  respectively,  according  to  whether  they  stain  readily 
or  not. 

A small  highly  refractive  body  is  often  found  within  the 
meshwork  of  the  nucleus,  called  the  nucleolus.  There  may 
be  one  or  several  nuclei  present  in  a nucleus. 

2— Ilis. 
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The  eentrosome  is  a small  refractive  body  within  the  nucleus, 
concerned  in  the  multiplication  of  the  cell.  During  this 
pr  oeess  it  leaves  the  nucleus  and  appears  in  the  cytoplasm  or 
cell-body.  It  is  surrounded  by  a clear  area  with  delicate 
radiating  filaments. 

Specialized  Cells. — Certain  cells  have  peculiar  charaeteris- 

Fig.  1. 


Schematic  diagram  of  a cell:  a,  ectoplasm,  composed  of  hyaloplasm  ; h,  spongio- 
plasm;  c,  chromosome,  composed  of  “chromatin,”  and  forming  a part  of  the  intra- 
nuclear reticulum  ; between  these  chromatic  fibres  is  the  achromatin ; d,  hyaloplasm 
in  the  meshes  of  the  spongioplasm  ; c,  one  of  the  two  nucleoli  represented  in  the  dia- 
gram ;/,  one  of  eight  bodies  constituting  the  metaplasm  represented  ; g,  eentrosome, 
with  radiate  arrangement  of  the  surrounding  spongioplasm ; h,  nuclear  membrane. 
(Dunham.) 


ties,  as  those  with  ezYia,  or  hair-like  processes,  and  those  with 
long  proto})lasmic  arms,  as  in  nerve-cell  fibres. 

Cells  are  classified  also  according  to  form,  function,  motion, 
irritability,  and  methods  of  reproduction. 

Reproduction  of  Cells. — Cells  multiply  by  direct  division  or 
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Fig.  2.— Continuous  convolution.  Fig.  3.— Equatorial  or  aster  stage. 


Fig.  6.— Diaster  stage.  Fig.  7.— Double  segmented  convolution. 

Diagrammatic  representation  of  stages  of  karyokinesis.  (Flemming.) 
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b lidding j and  indirect  division  or  hai'yohinesiSy  mitosis  or  haryo- 
7n  it  os  is. 

Direct  Division. — In  this  process  of  reproduction  a con- 
striction appears  in  the  centre  of  tlie  cell  and  it  separates  into 
two  parts.  This  method  is  the  less  frequent,  and  seems  often 
to  result  from  abnormal  processes,  in  which  the  division  of 
the  nucleus  is  not  accompanied  by  a division  of  the  cell,  thus 
forming  multi  nucleated  cells — e.  g.^  giant  cells. 

Direct  division  may  occur  along  with  indirect  division  in 
many  leucocytes,  decidual  cells,  cartilage-cells,  and  epithelial 
cells  of  the  bladder. 

Indirect  Division. — This  is  the  usual  method  and  involves 
a series  of  complicated  changes  in  the  nucleus.  If  the  process 
be  reduced  to  a tabular  enumeration  of  its  stages,  they  will  be 
the  following  : 

a.  liesting  Nucleus. — The  centrosome  enlarges,  passes  out 
into  the  cytoplasm,  and  divides  into  two  attraction-spheres. 
T1  le  nucleus  also  enlarges  and  the  chromatin-fibrils  form  a 
dense  convolution,  called  the  close  skein. 

b.  Close  Skein. — The  chromatin-fibrils  now  become  thicker, 
less  convoluted,  and  arrange  themselves  into  loops,  called  the 
loose  skeins. 

c.  Loose  Skein. — The  fibrils  now  form  in  loops  or  chromo- 
somes and  with  the  attraction-spheres  make  the  spindle. 

d.  31othe7'-Star. — The  loops  are  now  arranged  as  a wreath 
with  each  apex  toward  the  centre  of  the  cell,  resembling  a 
star. 

e.  Diaster. — Each  looj)  undergoes  longitudinal  cleavage, 
splitting  into  halves,  and  the  two  separate  wreaths  or  daughter- 
stars  are  drawn  ajiart  by  the  attraction-spheres  to  the  extreme 
opposite  poles  of  the  cell. 

/.  Division  of  the  Cell. — A constriction  now  appears  in 
the  cell-wall  and  a division  into  halves  occurs  completely. 

g.  Neiv  Nuclei. — Each  daughter-wreath  undergoes  the 
reverse  cycle  of  changes,  and  the  nuclei  of  the  new  cells  are 
formed  as  in  the  first  cell  before  division. 

The  Ovum. — The  first  cell  from  which  all  cells  or  tissues 
are  formed  is  the  ovum,  and  by  multiplication  of  this  cell  and 
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of  the  resulting  daughter-cells  three  primary  layers  originate, 
namely,  the  ectoderm^  the  mesoderm^  and  the  entoderm. 

Fig.  8.  Fig.  9. 


Spindle,  showing  chromosomes,  asters, 
and  centrosomes. 


Showing  four  stages  of 
nucleus. 


The  normal  tissues  are  classified  into  four  groups — the 
epithelial,  the  connective,  the  muscxdar,  and  the  nervous  tissue. 

Fig.  10.  Fig.  11. 


Resting  nucleus  and  loose  skein. 


Cell,  showing  four  asters. 


Karyokinesis— indirect  division  of  the  cell. 


All  the  tissues  of  the  body  are  derived  from  these  three 
blastodermic  layers,  as  follow : 
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I.  From  the  ectoderm — 

The  e})itheliiim  of  the  outer  surface  of  the  body,  hair, 
nails,  etc. ; 

The  epithelium  of  the  nasal  tract ; 

The  epithelium  of  the  mouth  ; 

The  enamel  of  the  teeth  ; 

The  tissues  of  the  nervous  system ; 

The  retina  and  the  crystalline  lens. 

II.  From  the  mesoderm — 

The  connective  tissues,  including  areolar,  tendon,  cartilage, 
bone,  and  dentine  ; 

The  muscular  tissues  (except  the  muscles  of  the  sweat- 
glands)  ; 

The  tissues  of  the  vascular  and  lymphatic  systems,  includ- 
ing their  endothelium  and  circidating  cells; 

The  sexual  glands  and  passages  (exee])t  the  vagina) ; 

The  kidneys  and  ureters  (except  the  bladder  and  urethra). 

1 1 r.  From  the  entoderm — 

The  epithelium  of  the  digestive  tract  (except  the  mouth 
and  anus) ; 

The  epithelium  of  the  respiratory  tract ; 

The  e})ithelium  of  the  urinary  bladder  and  urethra  ; 

The  epithelium  of  the  thyroid  and  thymus  bodies. 

QUESTIONS. 

What  is  histology? 

Of  what  are  the  tissues  constructed  ? 

Define  a cell. 

Name  the  parts  of  a cell. 

What  is  the  cell-wall? 

What  is  the  cell-body  ? 

Define  a nucleus. 

What  is  the  nucleolus? 

What  is  a centrosome? 

How  do  cells  reproduce? 

Describe  direct  division. 

What  are  the  other  names  for  indirect  division  ? ^ ^ 

Wliat  ])art  of  the  cell  is  principally  concerned  in  indirect  cell-division? 
Name  the  stages  of  indirect  cell-division. 

From  wdiat  do  all  cells  originate  ? 

Name  the  three  primary  layers. 

How  do  we  divide  ti.ssues? 

What  tissues  are  derived  from  the  ectoderm?  What  from  the  mesoderm? 
What  from  the  entoderm  ? 


THE  EPITHELIAL  TISSUES. 
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C II A P T E R II. 

THE  EPITHELIAL  TISSUES. 

Origin. — The  epithelial  tissues  are  derived  from  the  ecto- 
derm and  entoderm,  except  the  epithelium  of  the  kidneys, 
ureters,  and  sexual  glands,  which  are  from  the  mesoderm. 

Composition. — Epithelium  is  composed  largely  of  cells  sepa- 
rated by  a small  amount  of  intercellular  substance  holding 
them  together. 

Epithelium  contains  no  bloodvessels,  but  obtains  its  nutri- 
tion by  absorption  of  the  nutritive  juices  conveyed  by  means 
of  the  little  spaces  or  clefts  within  the  cement-substance 
between  the  cells. 

The  nerve-supply  of  epithelium  is  not  abundant,  and  the 
existence  of  nerve-fibrils  within  the  epithelium  in  many 
places  has  not  been  established,  but  in  other  localities  of 
extreme  sensibility,  as  the  tactile  surfaces,  nerve-fibrils  ter- 
minating among  the  epithelial  cells  have  been  demonstrated. 

Occurrence. — The  epithelial  cells  cover  the  skin,  the  mucous 
aud  serous  cavities,  and  enter  into  the  formation  of  the 
glands. 

Types  of  Cell. — Epithelial  cells  are  divided  : 

a.  According  to  form,  as  columnar,  cuboidal,  polyhedral, 
spheroidal,  tessellated  (pavement),  and  scaly; 

h.  According  to  function,  as  glandular  (mucous,  peptic, 
oxyntic,  etc.),  serous,  and  sensory. 

Cells  may  be  ciliated,  flagellated,  or  have  amoeboid  proc- 
esses. 

Types  of  Tissue. — Epithelial  tissues  are  classified  according 
to  the  number  of  layers  of  cells  and  the  character  of  the 
superficial  layer,  as  follows  : 

I.  Squamous — (a)  simple  (single-layer)  and  (Ih)  stratified 
(several  layers). 

II.  Columnar — (a)  simple  (single-layer)  and  [h)  stratified 
(several  layers). 

III.  Modified — (a)  ciliated,  {h)  goblet,  (c)  pigmented. 

IV.  Specialized — (a)  glandular,  ih)  neuro-epithelium. 
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I.  Squamous  Epithelium : 

a.  Simple  (single-layer). — This  type  consists  of  a single 
layer  of  thin,  flattened  cells  with  a large  nucleus,  and  is  found 
lining  the  air-sacs  of  the  lung  and  in  a few  other  places. 

b.  Stratified  (many-layer). — This  is  more  common  and  is 
arranged  in  several  layers.  The  shape  and  size  of  the  cells 
vary  in  the  diflerent  layers ; those  in  the  deeper  layers  are 
cuboidal  or  spheroidal,  while  those  on  the  surface  are  flattened 
like  scales.  This  variety  is  widely  distributed,  and  found  in 


Fig.  12. 


stratified  sqiiammis  epithelium,  oesophaprus  of  rabbit : a,  deeper  layers  of  rounded 
germinal  cells;  b,  more  superficial  layers  of  flattened  cells ; c,  surface  layer  of  horny 
cells ; d,  underlying  fibrous  tissue ; e,  papillary  projection  from  the  fibrous  layer. 
(Dunham.) 

the  epidermis  of  the  skin,  the  mouth,  etc.  That  lining  the 
bladder  and  ureter  is  sometimes  called  epithelium. 

II.  Columnar  Epithelium : 

a.  Simple  (single-layer). — This  is  of  a single  layer  of 
elongated,  more  or  less  cylindrical  or  hexahedral  cells,  per- 
jiendicular  to  a basement-membrane,  and  found  in  the  intes- 
tines, in  certain  portions  of  the  kidney,  etc. 

h.  Stratified  (many-layer). — In  this  type,  occasionally  the 
outer — i.  e.y  most  sujierfleial — cells  are  distinctly  columnar, 
while  in  the  deeper  layers  they  are  irregular.  It  occurs  in 
the  trachea,  olfactory  mucous  membrane,  larger  gland-ducts, 
etc. 
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III.  Modified  Epithelium : 

a.  Ciliated. — Tliis  variety  is  limited  to  the  most  superficial 
layer  of  columnar  cells,  if  stratified,  and  consists  of  delicate, 
hair-like  processes  on  the  outer  end  or  free  surface  of  the 
cell.  These  cilia  are  modifications  of  the  eell-proto])lasm, 
and  when  carefully  studied  by  special  methods  of  staining 
are  found  to  be  made  up  of  an  outer  layer  of  hair-like  proc- 
esses, next  a cuticular  layer,  with  a row  of  basal  e/ramdes 
immediately  below  this,  and  lastly  a series  of  fine  threads 
converging  tow^ard  the  nucleus  of  the  cell.  These  last  make 
up  the  fibrillar  structure  of  the  protoplasm.  It  occurs  prin- 
cipally in  the  respiratory  tract,  w here  the  cilia  are  supposed  to 


Fig.  13. 


Ciliated  columnar  epithelium  (stratified)  from  trachea,  showing  ciliary  wave. 

(Nichols  and  Vale.) 

remove  small  particles  of  dust  by  keeping  up  a vibration  or 
sweep  centrifugally  toward  the  nose. 

b.  Goblet. — Between  the  columnar  cells  of  the  most  super- 
ficial layer  of  columnar  epithelium,  if  stratified,  lining  mucous 
surfaces,  are  found  elliptical  cells  resembling  goblets,  and 
containing  mucus,  which  is  discharged  upon  the  outer  surface 
of  the  epithelium.  These  cells  are  sometimes  called  unicel- 
lular f/lands,  or  gland-cells.  They  are  distinguished  from  the 
other  cells  by  their  larger  size  and  clear  protoplasm.  This 
type  occurs  in  all  mucous  membranes,  especially  in  the  intes- 
tinal  tract. 

c.  Pigmerded. — When  epithelial  cells  eontain  a coloring- 
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matter,  as  in  the  deeper  layers  of  the  epidermis  of  certain 
races  and  the  outer  layer  of  the  retina,  this  variety  is  present. 

Fig.  14. 


Simple  columnar  epithelium  and  goblet-cells,  from  the  intestine.  Shows  the  striated 
free  cuticular  margin  of  the  cells  in  this  situation.  (Nichols  and  Vale.) 


IV.  Specialized  Epithelium : 

a.  Glandular. — This  is  found  lining  the  glands,  and  the 
cells  are  columnar,  spherical,  or  polyhedral  in  shape.  The 
protoplasm  often  shows  special  changes  indicating  the  character 
of  the  secretion. 

Fro.  15. 


Endothelium  on  a serous  surface  of  the  frog : a,  stoma  bounded  by  endothelial 
cells  with  granular  cytoplasm ; h,  pseudostoma.  The  nuclei  of  the  cells  are  not 
represented.  (Klein.) 

h.  N euro- Epithelium. — This  is  a type  of  cells  modified  so  as 
to  aid  the  nerves,  which  terminate  in  or  near  them,  to  appre- 
ciate the  special  senses,  and  are  found  in  the  retina,  nose,  etc. 
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THE  ENDOTHELIAL  TISSUES. 

Origin. — Endothelial  tissues  are  developed  from  the  meso- 
derm. 

Classification. — This  variety  of  tissue  is  usually  classified 
with  the  epithelial  tissues  on  account  of  its  resemblance 
especially  to  the  squamous,  but  more  properly  belongs  to  the 
connective  tissues,  as  it  owes  its  origin  to  the  same  layer  of 
the  blastoderm. 

Composition. — It  consists  of  a single  layer  of  very  thin 
polygonal  flat  cells  having  faintly  granular  protoplasm  and  a 
flattened  oval  nucleus.  The  small  amount  of  intercellular 
cement-substance,  and  the  slightly  wavy  borders  of  the  cells 
cause  their  boundaries  to  appear  indistinct  unless  special 
methods  of  staining  are  resorted  to.  Small  openings,  called 
stomata^  occur  between  the  cells  and  allow  the  cavities  lined 
with  these  cells,  to  communicate  with  the  lymph- vessels. 

These  stomata  are  made  up  of  a single  layer  of  cubical 
cells  with  granular  protoplasm. 

Endothelium  forms  the  lining  of  serous  cavities,  lymph- 
and  blood-vessels.  In  the  latter  places  the  cells  are  of  an 
irregular  oblong  shape,  with  serrated  borders. 

THE  CONNECTIVE  TISSUES. 

Origin. — These  tissues  are  all  developed  from  the  meso- 
blastic  layer  of  the  blastoderm,  and  by  specialization  and  dif- 
ferentiation of  the  intercellular  substance  are  formed  the 
various  types  of  this  group. 

Composition. — Connective  tissues  are  composed  of  cells 
separated  by  much  intercellular  substance  or  fibres,  and  may 
be  solid,  gelatinous,  or  fluid.  As  the  name  implies,  these 
tissues  hold  together  the  other  tissues  and  thus  supply  the 
framework  of  the  body. 

Classification. — They  are  divided  into  three  main  groups — 

I.  Fibrous  connective  tissues. 

II.  Cartilage. 

III.  Bone. 

Fibrous  connective  tissues  are  subdivided  into — (A)  the  chief 
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Fig.  16. 


Fibres  of  white  fibrous  tissue  teased  apart  to  show  the  individual  fibrils.  (Duuham.) 


varieties:  (a)  white  fibrous,  (6)  yellow  elastic,  and  (c)  areolar; 
into — (B)  the  special  varieties : (a)  gelatinous,  (b)  adenoid,  and 
(c)  adipose. 


Fig.  17. 


Elastic  fibres.  From  subcutaneous  areolar  tissue.  (Schafer.) 


FIBROUS  CONNECTIVE  TISSUES, 
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а.  Mliite  fibrous  is  composed  of  layers  or  bundles  of  fine 
silky  fibrils,  parallel  or  interlacing.  This  tissue  is  found  most 
typical  in  tendons,  and  the  cells  are  arranged  in  long  chains 
between  the  fibres.  Two  kinds  of  cells  are  noted  in  this 
tissue,  the  fixed  or  stellate  and  the  wandering,  which  resemble 
the  leucocytes. 

б.  Yellow  elastic  occurs  as  a network  of  branching  yellow 


Fig.  18. 


Areolar  pssue.  I reparation  from  the  subcutaneous  tissue  of  a young  rabbit: 
c , enaotnelioid  cell ; p p,  cells  with  granular  cytoplasm  ; c,  c,f,  cells  of  the  fusiform 
or  stellate  variety  not  yet  fully  developed  ; the  white  fibres  are  in  bundles  pur- 
suing a wavy  course ; the  elastic  fibres  are  delicate  and  form  a very  open  network  ; 
g,  leucocyte  oi  a coarsely  granular  variety.  (Schafer.) 


fibres,  nearly  the  same  width  throughout  their  length,  and 
when  broken  curled  at  the  ends.  This  tissue  occurs  in  the 
ligamentum  nuchte  and  helps  to  make  up  areolar  tissue. 

c.  Areolar  is  widely  distributed  and  occurs  in  the  subcu- 
taneous, subserous,  and  submucous  tissues.  It  is  composed 
of  both  white  fibrous  and  yellow  clastic,  which  interlace  to 
form  a network  in  which  are  embedded  connective-tissue  cor- 
puscles or  cells. 
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The  density  of  areolar  tissue  depends  upon  whether  the 
bundles  of  fibres  are  numerous,  making  a very  compact  inter- 
lacement, or  whether  they  form  a loose,  open  network, 
lietween  the  meshes  of  fibres  is  a semifiuid  clear  substance 
known  as  the  matrix,  or  ground-substance. 

Gelatinous  or  mucous  tissue  is  found  in  the  jelly  of  Whar- 
ton of  the  umbilical  cord  and  the  vitreous  humor  of  the  eye. 


Fig.  19.  Fig.  20. 


Embryonic  connective  tissue  (mesenchym-  Adipose  tissue.  Crystals  of  fatty 
atons  tissuel : a,  nucleus  of  stellate  cell ; acids  are  represented  in  two  of  the 
b,  cytoplasmic  process.  The  intercellular  sub-  cells.  (Nichols  and  Vale.) 
stance  is  of  gelatinous  consistency  and  opti- 
cally homogeneous.  (Bohm  and  bavidoff.) 


It  consists  of  large  stellate  cells  embedded  in  a soft  substance 
through  which  are  scattered  a few  fibres  and  wandering  cells. 

This  tissue  is  really  not  a separate  variety,  but  should  be 
considereid  only  as  an  early  stage  of  developing  fibrillar  con- 
nective tissue. 

In  the  mucous  tissue  of  the  vitreous  humor  of  the  eye  are 
less  cells  and  the  semifluid  ground-substance  is  very  abundant 


CARTILAUK. 
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Adenoid  or  lymphatic,  tissue  makes  up  the  stroma  of  the 
lymphatic  glaiuls,  aiul  sometimes  called  retiform. 

This  tissue  is  a delicate  network  of  minute  fibrils  and 
contains  lymplioid  cells  within  its  meshes. 

Adipose  or  fatty  tissue  is  widely  distributed  and  consists  of 
spherical  connective-tissue  cells,  distended  with  oil  derived 
from  its  protoplasm.  The  nucleus  and  remaining  cell-body 
have  been  pushed  to  one  side  and  appear  crescent-sha])ed, 
while  the  oil  is  surrounded  by  the  thin  cell-wall.  This  tissue 
is  held  together  by  a delicate  areolar  tissue. 


QUESTIONS. 

What  are  the  cliaracteristics  of  epithelium  ? 

Where  are  epithelial  tissues  found? 

How  do  we  divide  the  cells? 

Give  a classification  according  to  the  shape  of  the  cell ; according  to  the 
function. 

How  are  epithelial  tissues  classified  ? Name  the  four  principal  varieties. 
What  is  simi>le  scpiamous  epithelium?  Stratified  epithelium? 

What  is  simple  columnar  epithelium?  Stratified  epithelium? 

Describe  ciliated  epithelium.  Where  is  it  found? 

Describe  goblet-cells. 

Where  are  pigmented  cells  found  ? 

Describe  glandular  epithelium. 

Where  do  we  find  neuro-epithelium? 

What  is  endothelium,  and  where  is  it  found  ? 

From  what  two  layers  are  most  epithelial  tissues  derived? 

What  are  the  exceptions? 

What  are  connective  tissues? 

What  are  the  characteristics  of  connective  tissues  ? 

Name  the  three  groups  of  connective  tissues. 

Describe  white  fibrous ; yellow  elastic ; areolar. 

Where  do  we  find  gelatinous  tissue?  Where  adenoid  tissue? 

Describe  adipose  tissue? 


CHAPTER  III. 

CARTILAGE. 

Cartilage  is  a variety  of  connective  tissue  consisting  of 
cells  or  corpuscles  embedded  in  a condensed  intercellular 
substance  or  matrix,  the  character  of  which  gives  rise  to  three 
tvpes  : the  hyaline,  i\\o  fibrous,  and  the  elastic. 
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This  tissue  represents  a transition  between  the  connective 
tissues  and  bone,  and  is  distinguished  from  the  fibrous  eon- 
nective  tissues  by  the  hard  and  dense  consistency  of  its 
matrix  and  the  shape  of  its  cells. 

Hyaline  Cartilage. — This  consists  of  a clear,  nearly  homo- 
geneous matrix j with  very  delicate  fibres  holding  together  its 
glassy  substance.  The  cells  are  large,  irregular,  and  oval  in 
shape,  have  large  nuclei,  and  are  grouped  in  patches.  They 
lie  in  small  spaces  called  lacuim,  and  the  matrix  around  the 
cells  appears  condensed,  making  a capsule. 


Fig.  21. 


Hyaline  cartilage.  (Nichols  and  Vale.) 


The  cells  in  the  superficial  layers  are  more  flattened, 
smaller,  and  spindle-shaped  than  those  in  the  deeper  layers, 
and  on  the  outer  surface  the  cells  are  arranged  in  parallel  rows. 

The  outer  covering  of  the  cartilage  is  called  the  'perichon- 
drium^ and  consists  of  dense  fibrous  tissue. 

Hyaline  cartilage  is  found  in  the  articular  ends  of  bones, 
ribs,  trachea,  etc. 

Fibrous  cartilage  is  hyaline  cartilage  to  which  have  been 
added  bundles  of  Avhite  fibrous  connective  tissue  throughout 
its  matrix  to  give  increased  strength  and  flexibility.  The 
cells  of  this  variety  are  less  numerous,  and  are  generally 


ELASTIC  CARTILAGE. 
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arranged  in  small  groups.  It  is  not  so  widely  distributed, 
and  is  found  in  the  intervertebral  disks. 

Firj.  22. 


Fibrocartilage.  Section  from  human  intervertebral  disk.  The  cell  to  the  left  pre- 
sents a branching  process  extending  into  the  intercellular  substance.  (Schafer.) 


Elastic  cartilage  differs  from  the  preceding  varieties  in  that 
it  contains  yellow  elastic  fibres  in  the  matrix  to  give  it  great 
elasticity. 

This  type  is  found  in  the  ears,  epiglottis,  etc. 


Fig.  23. 


Elastic  cartilage;  section  from  human  external  ear;  a,  cartilage-cell ; b,  c,  network 
of  elastic  fibres  in  the  intercellular  substance.  (Buhm  and  Davidoff’ ) 
iiis. 
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BONE. 

Bone  is  a type  of  connective  tissue,  dense  in  structure, 
composed  of  cells  or  corpuscles  and  a matrix  impregnated  with 
lime  salts. 

Bone,  like  all  the  other  connective  tissues,  possesses  a large 
amount  of  intercellular  substance,  but  differs  from  these  in 
that  it  has  a deposit  of  lime  salts  within  the  interfascicular 
cement-substance,  and  to  this  deposition  is  its  hard  and  dense 
nature  due.  When  we  remove  the  lime  salts  (clecalcification) 
from  bone  and  only  the  organic  framework  remains,  the 


Fig.  24 


Ground  section  of  dried  bone ; human  femur  ; a,  Haversian  canal  in  cross-section ; 
a>,  Haversian  canal  occupied  by  debris;  a",  anastomosing  branch  from  a',  m nearly 
longitudinal  section  ; b,  lacuna  belonging  to  the  Haversian  system,  of  which  a occu- 
pies the  centre  : c,  lacuna  in  excentric  laminae  of  bone  between  the  Haversian  sys- 
tems. The  delicate  lines  connecting  the  lacunae  are  the  canaliculi.  (Dunham.) 

structure  of  bone  is  well  shown  ; and  likewise  when  the 
organic  matter  is  burned  away  {calcinatioii)  there  is  left  an 
exact  picture  of  bone  structure. 

There  are  two  varieties  of  bone,  the  compact  and  the  can- 
cello'iu^  or  spongv,  the  former  being  dense  and  hard,  while  the 
latter  resembles  the  framework  of  a sponge.  The  periosteum, 
the  enveloping  membrane  of  bone,  is  composed  of  two  layers, 
an  outer  dense  fibrous,  and  an  inner  cellular  or  osteogenetic  layer. 


COMPACT  BONE— BONE-MARROW. 
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Compact  bone  forms  tlie  shafts  of  the  long  bones  and  the 
outer  part  of  the  flat  and  irregular  bones.  It  is  composed 
of  a system  of  tubes,  called  the  Haversian  canals,  surrounded 
by  a series  of  concentric  lameUcc  or  bone-plates.  These  canals, 
which  connect  with  the  central  marrow-cavity,  supply  nutri- 
tion to  the  bone  and  contain  blood,  lymph,  and  marrow. 

Between  the  various  lamellje  are  small  spaces  called  lacunce, 
or  little  lakes,  and  connected  with  these  are  small  canals,  the 
canal  iculi. 

The  lacunae  contain  the  hone-cells  or  corpuscles,  and  their 
branches  extend  into  the  canaliculi,  thus  receiving  their  nutri- 
tion. The  laciime  are  arranged  in  rows  more  or  less  parallel 
with  the  Haversian  canals. 

The  lamellae  are  arranged,  in  the  shaft  of  long  bones,  into 
three  sets  : (1)  The  general  ov  fundamental,  those  beneath  the 
periosteum  and  surrounding  the  medullary  canal.  (2)  The 
Haversian,  which  are  arranged  concentrically  around  the 
Haversian  canals.  (3)  The  interstitial,  which  are  between 
the  Haversian  systems,  filling  the  spaces  between  adjacent 
Haversian  systems. 

Certain  fibres  ])ierce  the  lamellae  vertically  to  the  surface 
of  the  bone  and  hold  the  plates  together.  These  are  called 
the  perforating  fibres  of  Sharpeg. 

Cancellous  or  spongy  bone  occurs  in  the  ends  of  the  long 
bones  and  the  centres  of  the  flat  or  irregular  bones.  It  is  of 
a less  dense  structure,  and  the  large  cavities  are  filled  with 
marrow  from  which  it  derives  its  nourishment,  not  having 
such  a com])lete  system  of  vessels  as  in  the  compact  variety. 

Bone-marrow  is  a soft  vascular  tissue  found  in  the  medul- 
lary canal,  the  cancdlous  ends  of  bones,  and  the  Haversian 
canals.  It  is  divided  into  the  red  and  the  yellow  marroiv. 

Bed  marrow  occurs  in  the  ends  of  long  bones,  in  the  bodies 
of  the  vertebra),  and  in  the  cavities  of  the  flat  bones  in  adults 
and  throughout  the  bones  in  the  young. 

The  red  jnarrow  is  a lym])hoid  organ,  and  is  probably  the 
main  source  of  the  formation  of  the  red  blood-cells. 

It  is  composed  of  a delicate  connective- tissue  reticulum 
with  a capillary  network,  in  the  meshes  of  which  are  the 
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maiTow-cells,  resembling  leucocytes,  and  divided  into  eosino- 
pliiles,  myelocytes,  erythroblasts,  and  basopliiles.  Many  of 
these  maiTow-cells  contain  pigment-granules,  which  are  tlie 
remains  of  disintegrated  red  blood-cells.  The  red  marow 
contains  few  fat-cells,  and  bloodvessels  and  nerves  are  found 
only  in  small  numbers. 


Fig.  25. 


Section  of  red  marrow ; human  : a.  a,  erythroblasts ; b,  b,  myelocytes ; b',  myelo- 
cyte undergoing  division;  c,  giant  cell  with  a single  nucleus:  c',  giant  cell  with 
dividing  nucleus:  d,  reticulum:  c,  space  occupied  by  a fat-cell  (not  represented); 
/,  granules  in  a portion  of  an  acidophilic  cell.  (Bohm  and  Davidofh) 


Yellow  metrrow  differs  from  the  red  only  in  that  it  contains 
large  quantities  of  fat-cells,  to  which  it  owes  its  color.  It 
arises  from  the  red  marrow  by  a diminution  of  the  marrow- 
elements  and  l)y  an  increase  in  fit. 

Dentine  resembles  bone  except  that  it  is  devoid  of  Haver- 
sian canals  and  lacume,  and  has  long,  parallel  tubules  in  place 
of  canaliculi. 


BONE  DEVELOPMENT. 
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Bone  Development. — This  occurs  by  two  methods,  tlie  carti- 
laginous  and  the  mcmhi'anous. 

Cartilaginous  Development  of  Bone. — Most  of  the  bones  of 
the  body,  except  those  of  the  head,  are  first  modelled  in  hya- 
line cartilage  and  covered  with  the  perichondrinm  or  early 


Fig.  2G. 


Development  of  bone,  cartilaginous  method.  (Klein.) 

periosteum.  The  process  is  best  divided  into  the  following 
stages  : 

Proliferation  and  Cahifimtion. — The  cartilage-cells  at 
certain  ]daces  in  the  bones  begin  to  arrange  themselves  in 
rows,  enlarge,  and  a deposition  of  lime  salts  oceurs  known 
as  centres  of  ossification.  The  hyaline  matrix  is  trans- 
formed into  a number  of  ealeified  trabeeulte  inelosing  spaces 
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called  the  primary  areolce.,  in  which  are  the  cartilage-cells. 
These  soon  gradually  disintegrate  and  disappear. 

Vascularization  of  Cartilage. — The  cellular  layer  of  the  peri- 
osteum, containing  the  osteoblasts,  now  sends  processes  into  the 
substance  of  the  cartilage,  and  bloodvessels  are  formed  wdiich 
penetrate  the  calcified  trabeculae  and  enlarge  the  areolae. 

Cartilage  changed  to  Embryonic  Bone. — The  osteoblasts 
now  surround  the  trabeculae  and  deposit  several  layers  of 
bone  in  concentric  lamellae  as  in  the  Haversian  system,  and 
the  calcified  cartilage  is  now  changed  to  spongy  bone. 

Spongy  Bone  changed  to  Periosteal  Bone. — Larger  bone- 
forming cells  now  appear,  called  the  osteoclasts,  and  these 
destroy  some  of  the  spongy  bone  and  construct  the  central  or 
medullary  canal.  The  periosteum  also  deposits  layers  of 
bone  on  the  circumference  of  the  shaft  and  the  spongy  bone 
is  changed  to  periosteal  bone. 

Formation  of  Compact  Bone. — This  is  effected  by  the 
osteoblasts  developing  layers  around  the  spongy  bone,  and 
dense  bone  gradually  replaces  the  early  embryonic  bone. 
The  long  bones  increase  in  length  by  the  growth  at  the  ends 
of  the  shaft,  which  is  an  advance  of  the  process  of  ossifica- 
tion of  the  cartilage  between  the  diaphysis  and  epiphysis. 

Membranous  Development  of  Bone. — Most  of  the  bones  of 
the  skull  are  developed  in  connective  tissue  by  a deposition 
of  lime  salts  in  the  bundles  of  connective  tissue  along  the 
surface.  In  these  bundles  the  cells  have  arranged  themselves 
in  a layer,  and  becoming  rich  in  protoplasm  are  converted 
into  osteoblasts.  The  cellular  layer  of  the  periosteum  sends 
out  processes,  called  osteogenetic  spiculae,  of  a bony  nature  and 
surrounded  with  bone-forming  cells,  which  secrete  layers  of 
bone  as  in  the  formation  of  the  lamellae  of  the  Haversian  svs- 
tern.  The  tissue  becomes  more  vascular  and  the  osteoclasts 
absorb  the  spongy  bone  to  make  marrow-cavities,  while  the 
dense  bone  is  deposited  from  the  periosteum. 

QUESTIONS. 

What  is  cartilage  ? Name  the  three  varieties. 

Describe  hyaline  cartilage. 

What  is  fibrocarttlage  ? 


THE  MUSCULAR  TISSUES. 
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What  is  elastic  cartilage? 

What  is  bone? 

Describe  the  periosteum. 

Name  the  two  varieties  of  bone. 

Where  is  compact  bone  found? 

Name  the  parts  of  an  Haversian  system. 

What  are  the  lamella}?  The  lacuna}?  The  caualiculi? 

Where  do  you  tind  spongy  bone? 

Name  the  kinds  of  bone-marrow. 

Describe  red  marrow. 

Describe  yellow  marrow. 

Name  the  two  methods  of  bone  development. 

Name  the  stages  of  the  cartilaginous  method.  Describe  each  stage. 
Describe  the  membranous  method. 


CHAPTER  IV. 

THE  MUSCULAR  TISSUES. 

These  tissues  are  divided  into  three  kinds — the  non-striatedy 
the  striatedy  and  the  cardiac.  All  are  derived  from  the  meso- 
derm except  those  fibres  found  in  the  sweat-glands,  which 
are  from  the  ectoderm. 

The  cells  of  muscular  tissue  are  characterized  by  possess- 
ing the  power  of  contractility ; and  according  as  the  contrac- 
tion is  under  the  control  of  the  will  or  not,  they  are  divided 
into  volmitari!  and  involuntary. 

The  non-striated  muscle,  also  called  involuntary,  is  a type 
found  in  the  walls  of  arteries,  intestinal  tract,  etc.,  and  is  not 
under  the  control  of  the  will.  The  cells  or  fibres  are  fusiform 
or  spindle-shaped,  surrounded  by  a delicate  sheath,  have  an 
oblong  nucleus,  very  fine  longitudinal  striations,  and  are 
cemented  closely  together.  They  usually  lie  in  groups,  and 
these  may  be  combined  to  form  layers,  as  seen  in  the  muscu- 
lar coats  of  the  intestine.  When  we  cross-section  a group 
of  these  cells,  they  appear  as  polygonal  or  round  areas  of 
unequal  size,  because  the  section  passes  through  the  cells  at 
different  parts  of  the  spindles,  and  the  smaller  areas  do  not 
contain  a section  of  the  nucleus  as  do  the  larger  ones. 

The  striated  or  voluntary  muscle  forms  the  skeletal  muscles, 
the  outer  muscles  of  the  eye,  muscles  of  the  ear,  pharynx. 
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Fig.  27. 


larynx,  tongue,  cesopbagns,  and  those 
around  the  anus  and  sexual  organs,  and 
is  controlled  by  the  will.  The  exceptions 
are  the  muscles  of  the  upper  part  of  the 
oesophagus  and  the  cremaster  externus, 
which  are  not  under  the  control  of  the 
will.  The  fibres  are  cylindrical  in  shape, 
parallel,  and  covered  with  a distinct  elastic 
membrane  called  the  sarcolemma , under 
which  are  large  oval  nuclei.  Striations, 
made  up  of  alternate  dark  and  light  par- 
allel transverse  lines,  give  this  variety  of 
muscle  its  name.  When  highly  magni- 
fied, there  may  be  distinguished  a dark 
line  {KrausUs  membrane)  in  the  centre  of 


Fig.  28. 


Fic;.  27. — Involuntary  musclG-cell.  The  nucleus  is  somewhat  coiyracted,  so  as  to 
appear  broader  and  shorter  than  when  in  the  extended  state.  (Schafer.) 

Fig.  28. — Portion  of  a muscle-fibre  from  a mammal.  This  figure  represents  the 
appearances  of  the  fibre  when  the  surface  is  in  sharp  focus.  (Schafer.) 


the  light  band,  and  a light  line  {Hensen’s  median  line)  in  the 
dark  band  (^BrilckeLs  line). 


THE  CARDIAC  MUSCLE. 


41 


The  fibres,  when  treated  with  certain  chemicals,  may  be 
made  to  undergo  a longitudinal  cleavage  into  fine  lihrilhe  or 
sarcostyles^  inMi  transversely  into  disks  separating  at  the  mem- 
branes of  Krause.  The  nltirnate  units  of  which  the  fibre  is 
composed  will  thus  be* seen  to  be  made  up  of  spindles  or 
double  prisms,  whose  ends  become  extremely  thin  and  termi- 
nate in  minute  spheres.  These  sj)indles  lie  parallel  and  their 
thickest  parts  giv^e  rise  to  the  dark  lines  and  their  thinner  ends 
to  the  light  lines,  while  the  membranes  of  Krause  or  the  dark 


Cardiac  muscle ; a,  nucleus  of  a muscle-cell ; h,  unmodified  cytoplasm  ; c,  contractile 
substance  with  longitudinal  and  transverse  striations  ; d,  cement-substance  uniting 
contiguous  cells  ; e,  areolar  tissue  (vessels  omitted)  between  the  muscle-fibres  formed 
by  union  of  the  individual  cells;  /,  small  bloodvessel  within  the  areolar  tissue. 
(Dunham,) 


lines  in  the  light  band  are  formed  by  the  spherical  ends  of 
the  spindles.  The  light  line,  or  median  line  of  llensen,  in  the 
dark  band  is  the  space  between  the  ])risms  or  the  centre  of  the 
spindles.  The  separate  filires  are  held  together  by  a delicate 
areolar  tissue  called  the  endomymma.  These  bundles  or  fasciculi 
are  also  surrounded  by  a similar  sheath  called  i\\Q  perimysium, 
and,  lastly,  the  entire  muscle  is  covered  by  the  epimysium, 
through  which  the  liloodvessels  and  nerves  penetrate. 

The  cardiac  muscle  possesses  some  of  the  characteristics  of 
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both  the  preceding  varieties,  and  might  be  called  involuntary 
striated  muscle.  It  consists  of  short  branched,  cylindrical 
cells,  with  square  extremities  placed  end  to  end,  so  that  the 
dividing-line  between  the  ends  may  only  be  distinguished 
with  difficulty.  The  cells  contain  no  sarcolemma,  have  a 
single  nucleus  in  the  centre  of  their  protoplasm,  are  trans- 
versely striated  and  faintly  marked  longitudinally.  These 
cells,  after  special  methods  of  staining,  show  dark  columns 
which  run  parallel  to  the  long  axis  of  the  cell,  and  these  are 
separated  by  n light  or  unstained  substance.  These  columns 
are  called  jibril-buncUes,  and  the  unstained  substance  sarco- 
plasm. The  fibril-bundles,  as  in  voluntary  muscular  tissue, 
show  alternate  light  and  dark  bands,  and  in  the  centre  of  the 
light  band  is  a narrow  dark  striation,  Krause^s  membrane, 
while  the  broader  dark  band  is  called  Bruche^s  line.  The  rows 
of  cells  are  sej)a rated  by  a delicate  connective  tissue  rich  in 
capillaries.  This  variety  of  muscle  is  found  only  in  the 
heart. 

THE  NERVOUS  TISSUES. 


These  tissues  are  composed  of  nerve-cells,  nerve-fibres,  and 
a connective-tissue  framework  called  the  neuroglia.  The 
cells,  fibres,  and  neuroglia  are  derived  from  the  ectoderm. 

The  modern  conception  of  the  nervous  system  is  now  based 
upon  the  theory  of  the  neuron,  which  consists  of  a single  nerve- 
cell, with  all  its  branches  and  the  peripheral  terminations. 

The  neuron  constitutes  the  nerve-unit,  and  combinations 
of  these  neurons  make  up  the  whole. 

Nerve-Cells. — These  vary  greatly  in  size,  have  a large 
nucleus  containing  little  chromatin,  and  a large  nucleolus. 
Protoplasmatic  processes  are  given  off  from  the  body  of  the 
cell,  and  we  classify  the  shapes  as  unipolar,  bipolar,  tripolar, 
and  multipolar,  according  to  their  number  of  processes. 
These  processes  are  called  dendrites,  except  the  one  which 
becomes  the  nerve-fibre,  called  the  axis-cylinder  process  or 
neuraxon  or  neurite. 

Some  authors  suppose  that  the  dendrites  conduct  impulses 
to  the  cell,  while  the  neurites  convey  impulses  from  the  cell 
to  the  peripheral  nerve-endings. 


NER  VE-FIBRES. 
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Nerve-Fibres. — These  are  essentially  ])rolonge(l  ])rocesses  of 
nerve-cells,  aiul  are  of  two  kimls^  the  inechillated  and  the  non- 
niednllated. 

The  medidlated  or  udiite  jihre,^  are  the  continuation  of  the 
neurite  of  the  cell^  and  consist  of  a central  core,  the  axis-cyl- 
inder, which  is  a j)rolongation  of  the  original  cell-])roto- 
])lasni,  and  runs  uninterruptedly  from  the  nerve-cell  to  the 
nerve-ending ; an  enveloping  sheath,  called  the  medullary 


Fig.  30. 


Body  of  multipolar  nerve-cell  from  spinal  cord  (Nissl’s  stain),  showing  details  of 
the  structure;  a,  neurite  ; h,  c,  cytoplasm,  containing  coarse  chromophilic  granules; 
d,  nucleus,  with  nucleolus ; e,  dendrite.  (Ramon  y Cajal.) 


sheath  or  white  substance  of  Schvxinn;  and  lastly  an  outer 
covering  of  a delicate  elastic  membrane,  called  the  neuro- 
lemma  or  ^chwamds  sheath.  Between  the  medullary  sheath 
and  the  axis-cylinder  is  Ma'idhneds  sheath,  or  inner  neuro- 
lemma.  Nuclei  are  scattered  along  the  fibres,  just  under  the 
neurolemma,  but  are  less  numerous  in  the  medidlated  than 
in  the  non-medullated  fibres. 
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Constrictions  occur  at  reg^ular  intervals  along  the  fibres, 
and  are  called  the  nodes  of  Ranvier. 

The  nodes  interrupt  the  white  substance,  as  the  constric- 
tions extend  down  to  the  axis-eylinder,  and  the  absence  of 
myelin  at  these  nodes  allows  the  axis-cylinder  to  become 
joined  with  the  neurolemma  by  a cement-substance,  and 


Fig.  31. 


Node  of  Ranvier 


Schwann’s  corpuscle 
Schwann's  shcafh 
Mauthner’s  sheath 

Axis-cylinder 


Neurojibrils 

Cement-substance 

Axis-cylinder 

Line  of  Schmidt- 
Lanterw,ann 


Medullary  sheath 
Schwann’s  sheath 


Diagram  of  the  structure  of  a inedullated  nerve-fibre,  showing  two  different  views 
concerning  the  relations  of  the  sheaths  of  Mauthner  and  of  Schwann.  Compare  the 
right  and  left  sides.  (Szymonowicz.) 


probably  at  these  places  the  axis-cylinder  receives  nourish- 
ment, as  nutritive  fiuids  could  jiass  more  easily  into  the  centre 
of  the  fibre  here  than  elsewhere. 

The  non-medulkded  or  ej7'ay  fibres  differ  from  the  preceding 
in  that  they  have  no  medullary  sheath,  but  are  surrounded  by 
a covering  resembling  Schwann’s  sheath,  show  a tendency  to 
be  branched,  and  contain  more  nuclei. 

These  fibres  are  found  princijially  in  the  sympathetic 
nervous  system. 

Nerve-Trunks. — The  nerve-fibres  are  surrounded  by  a deli- 
cate connective-tissue  sheath  called  the  eiidoneuriuni,  the  bun- 


NE  UR  OG  LI  A— G A NGLIA. 
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(lies  of  fibres  or  funiculi  enslieatlied  by  tlie  epineiirium,  and 
lastly  the  per liieiirim a covers  the  nerve-trunk. 

Neuroglia. — This  is  a sustentaeular  tissue  similar  to  con- 
nective tissue  (except  of  ectodermic  origin,  as  the  nerve-cells 
and  -fibres),  forming  the  framework  of  the  nervous  system, 
and  is  com])osed  of  extremely  branched  cells,  called  glia- 
cells,  whose  delicate  processes  extend  in  all  directions,  cement- 
ing the  nervous  elements  together. 

Ganglia  are  groups  of  nerve-cells  and  -fibres  in  the  course 
of  nerve-trunks,  as  in  the  sensory  roots  of  the  spinal  nerves, 
many  cranial  nerves,  and  the  sympathetic  system. 


Fig.  32. 


Cross-section  from  sciatic  nerve  of  frog:  A,  axis-cylinder,  showing  punctate  sec- 
tions of  the  fibrillse;  B,  medullary  sheath  stained  with  osmic  acid;  a,h,  apparent 
duplication  of  the  medullary  sheath,  due  to  the  presence  of  a Lantermann  cleft; 
C,  areolar  tissue  between  the  fibres.  (Bohm  and  Davidoff.) 

These  enlargements  are  covered  with  a fibrous  coat,  denser 
than  the  epineurium,  and  the  nerve-cells  are  generally  spher- 
ical, having  one  or  two  processes  to  become  continuous  with 
the  afferent  and  efferent  nerves. 

Numerous  capillaries  surround  the  individual  cells  of  the 
ganglia.  There  are  two  types  of  ganglia  : the  spinal  ganglion 
type  and  the  sympathetic  ganglion  type. 

The  spinal  ganglia  are  made  up  of  cells  with  large  cell- 
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bodies,  wliicb  are  unipolar,  containing  a vesicular  nucleus 
with  a distinct  nucleolus  and  often  yellowish-brown  ])igment- 
granules.  A nucleated  capsule  always  surrounds  the  cells, 
and  this  is  probably  only  a continuation  of  Schwanifs  sheath. 

The  (/aiif/lia  contain  small  multipolar  cells, 

having  some  ])igment,  often  two  nuclei,  and  are  surrounded 
by  a capsule. 

Nerve-Terminations. — Through  these  endings  the  sensory 
impulses  are  transmitted  to  the  central  nervous  system,  and 
motor  impulses  transmitted  from  the  nervous  system  to 
pei’ipheral  organs.  The  nerve-endings  are  the  final  termina- 
tions of  the  individual  neurons.  There  are  free  nerve-endings 


Fig.  33. 


7ly 


Termination  of  nerves  by  free  ends.  Two  nerves  terminating  in  the  stratified 
epithelium  covering  the  vocal  cords  of  the  cat.  n,  nerve-trunk.  (Retzius.) 

wliicli  are  not  connected  directly  with  other  tissues  in  order 
to  give  or  receive  impulses,  and  other  specialized  nerve-endings 
in  which  the  nerve-ending  is  connected  with  some  other  tissue  : 
ns  epithelial,  eonneetive,  muscle,  and  nervous  tissues,  to 
form  its  termination.  Tlie  nerve-fibres  terminate  in  four 
ways  : 

1 . The  iuterepithelial  arliorizations  ; 

2.  The  motor  ])lates  in  muscles  ; 

d.  The  s])ecial  eud-organs  in  sensory  tissues  ; 

4.  The  tactile  corpuscles. 


THE  JNTEREPITIIELTAL  ARBORIZATIONS. 
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Fig.  34. 

a 


Motor  plate;  tail  of  a squirrel:  a,  two  branches  of  axis-cylinder  terminating  in 
a plexus  of  varicose  filaments;  5,  muscle-nucleus;  c,  nucleus  derived  from  neuri- 
lemma. The  finely  granular  substance  surrounding  these  structures  has  been  omit- 
ted. (Galcotti  and  Levi.) 


The  Interepithelial  Arborizations. — This  type  of  nerve-end- 
ings occurs  in  the  skin  and  mucous  membrane  and  consists 


Fig.  35. 


Pacinian  corpuscle,  from  the  mesentery  of  a cat.  (Klein.) 
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of  iniiiute  ramifications  of  the  axis-cylinder  process  passing 
between  the  epithelial  cells  and  in  their  basement-membrane. 

The  Motor  Plates  in  Muscles. — In  voluntary  muscles  the 
medullated  nerve-fibres  lose  their  sheath,  which  blends  with 
the  sarcolemma  when  it  reaches  the  muscle,  and  the  axis- 
cylinder  forms  a network  which  lies  embedded  in  a flattened 


Fig.  36.  Fig.  37. 


Tactile  corpuscle  of  Wagner,  from  the  Krause’s  corpuscle,  from  the  human 
human  corium.  (Bohm  and  Davidoft'.)  conjunctiva.  (Dogiel.) 


granular  mass,  with  many  nuclei,  called  the  sole  or  motor 
plate. 

The  special  end-organs  in  sensory  tissues  will  later  be 
described  with  the  organs  of  special  senses. 

T1  le  tactile  corpuscles  are  more  or  less  encapsulated  and 
embrace  the  corpuscles  of  Pacini,  Meissner,  and  Krause,  and 
are  found  in  the  epidermis  of  the  skin. 

Tlie  Pacinian  or  Vater  corpusdes  occur  in  the  subcuta- 
neous tissue,  especially  in  the  palms  of  the  hands,  soles  of  the 
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feet,  joints,  mesentery,  and  genital  organs.  They  are  oval 
structures  made  up  of  concentric  layers  of  fibrous  tissue  or 
capsules,  containing  lymph,  and  have  a clear  centre  or  core 
into  whieh  the  axis-cylinder  is  blended.  These  corpuscles 
lie  just  under  the  skin  in  the  connective  tissue  of  the  palms 
of  the  hands  and  soles  of  the  feet,  and  are  especially  abundant 
in  the  fingers  and  toes. 

The  corpuscles  of  3Ieiss7}er  or  Wa/jyier  are  elliptical  struct- 
ures, and  found  especially  in  the  hands  and  feet,  being  asso- 
ciated with  the  sense  of  touch.  They  consist  of  a group  of 
epithelial  cells  into  which  the  nerve-fibre  is  entwined.  A 
thin  nucleated  connective-tissue  capsule,  containing  a gelati- 
nous inner  sheath,  surrounds  these  corpuscles.  The  nerves 
when  entering  the  capsule  lose  their  medullary  sheath,  and 
the  naked  axis-cylinder,  after  taking  a spiral  course,  breaks 
up  into  many  branches  in  the  inner  sheath. 

The  corpuscles  of  Krause^  or  end-hulbs,  are  found  princi- 
pally in  the  conjunctiva,  and  consist  of  a spherical  structure 
with  a delicate  fibrous  capsule  covered  with  endothelial  cells. 

The  nerve-fibre  enters  into  the  formation  of  a core  at  the 
centre  of  the  corpuscle. 


QUESTIONS. 

Name  the  three  varieties  of  muscular  tissue.  From  what  layer  are  they 
derived? 

What  characterizes  muscular  tissue? 

Describe  the  non -striated  muscle. 

Describe  the  striated  muscle. 

What  is  the  sarcolemma? 

What  is  the  membrane  of  Krause? 

What  is  the  median  line  of  Hensen? 

Name  the  coverings  of  voluntary  muscular  fibres. 

Describe  cardiac  muscle. 

Name  the  differences  between  voluntary  and  cardiac  muscle. 

Of  what  is  nerve-tissue  composed?  From  what  layer  is  it  derived? 

What  is  a neuron  ? 

Describe  a nerve-cell. 

Name  the  kinds  of  nerve-fibres. 

Describe  a medullated  nerve-fibre. 

Describe  a non-medullated  nerve-fibre. 

Name  the  coverings  of  nerve-trunks„ 

What  is  the  neuroglia  ? 

Describe  ganglia. 

How  do  nerves  terminate  ? 

4 — His. 
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Describe  interepithelial  arborizations. 

Wbat  are  the  motor  plates? 

Name  the  tactile  corpuscles. 

Describe  Pacinian  corpuscles. 

Describe  the  corpuscles  of  Meissner. 

Where  are  the  end-bulbs  of  Krause  found? 
Describe  these  end-bulbs. 


CHAPTER  y. 

THE  CIRCULATORY  SYSTEM. 

The  circulatory  system  consists  of  a circulating  medium, 
the  blood;  the  heart,  or  pump  to  propel  the  blood;  the  arte- 
ries, which  conduct  the  blood  to  the  tissues ; the  capillaries, 
which  distribute  it  through  the  tissues  ; and  lastly  the  veins, 
which  return  the  blood  to  the  heart. 

Fig.  38. 


Red  blood-corpuscles  of  man  : a,  surface  view  of  normal  corpuscles ; 6,  edge  view ; 
c,  corpuscle  with  its  substance  shrunken,  forming  a vacuole  ; d,  rouleaux  formation  : 
e,  crenated  corpuscles;  /,  fragments  of  broken  corpuscles  ; g,  bent  and  distorted  cor- 
puscles; h,  swollen  and  decolorized  corpuscle.  (Nichols  and  Vale.) 


The  blood  may  be  classed  as  a tissue  with  cells  and  a fluid 
intercellular  substance. 

The  cells  are  the  corpuscles  and  the  fluid  intercellular  sub- 
stance is  called  the  plasma. 

Corpuscles. — These  are  the  red,  colored  cell  or  erythrocyte ; 
the  white,  colorless  corpuscle  or  leucocyte ; and  to  these  may 
be  added  the  blood-platelets  or  plaques. 


BLOOD-CORPUSCLES. 


51 


The  erythrocytes,  or  red  blood-corpuscles,  are  non-nucleated, 
biconcave,  circular  disks  with  rounded  edges.  They  seem, 
under  the  microscope  to  be  of  pale  greenish-yellow  color,  but 
when  many  are  seen  together,  as  with  the  naked  eye,  they 
appear  red.  The  number  of  red  blood-corpuscles  in  a cubic 
millimeter  of  human  blood  is  about  five  millions,  and  the 
average  diameter  is  about  while  the  thickness  is 

about  inch.  When  the  erythrocytes  are  seen  in  optical 

cross-section  they  are  biscuit-shaped,  and  the  fiat  surfaces  are 
depressed  in  the  centre,  resembling  in  form  a biconcave  lens, 
while  the  borders  are  rounded  and  much  thicker  than  the 
centre. 

In  fresh  blood,  when  examined  between  slide  and  cover, 
the  cells  arrange  themselves  in  rows,  side  by  side,  like  piles 
of  coins,  which  are  called  rouleaux. 

AVhen  acted  upon  by  reagents  the  red  blood-corpuscles 
change  their  forms  : in  water  or  dilute  acids  they  swell  and 
lose  their  hemoglobin  and  appear  as  blood-shadoivs,  and  in 
strong  salt  solution  they  undergo  shrinkage  and  become 
crenated. 

The  red  corpuscles  are  composed  of  a transparent  frame- 
work or  stroma,  infiltrated  with  a coloring-matter  called 
/ hemoglobin,  the  substance  which  combines  with  oxygen  and 
supplies  the  tissues  with  this  gas,  and  which  gives  to  the  red 
cells  and  to  thin  layers  of  blood  a straw-yellow  tint. 

The  red  blood-corpuscles  of  birds,  reptiles,  and  fishes  are 
oval  and  nucleated,  while  all  mammals  except  the  camel, 
whose  are  oval,  have  round  non-nucleated  red  corpuscles. 

The  leucocytes,  or  white  blood-corpuscles,  are  granular  cells 
possessing  one  or  more  nuclei,  and  resemble  the  amoebse  in 
appearance  and  action.  They  are  in  the  proportion  of  one 
to  about  six  hundred  of  the  red,  and  averaije  inch  in 

diameter.  These  corpuscles  can  squeeze  themselves  through 
the  endothelial  lining  of  the  bloodvessels  and  make  their  way 
out  among  the  tissues,  a process  called  migration  or  diape- 
desis.  There  are  similar  cells  found  in  the  lymph,  bone- 
marrow,  adenoid  tissue,  and  throughout  connective  tissue  and 
epithelial  tissue,  in  which  latter  they  are  called  icandering  cells. 
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According  to  their  general  form  and  the  character  of  their 
nuclei  leucocytes  are  divided  into  the  following  : 

1.  The  polynuclear  leucocytes; 

2.  The  small  lymphocytes  ; 

3.  The  large  lym[)hocytes  ; 

4.  The  eosinophiles ; 

5.  The  basophiles. 

The  polynuclear  leucocytes  constitute  about  72  per  cent,  of 


Fig.  39. 


Leucocytes  from  normal  human  blood : a,  red  blood-corpuscle,  introduced  for 
comparison ; h,  small  mononuclear  leucocyte  (lymphocyte) ; c,  large  mononuclear 
leucocyte ; g,  polynuclear  leucocyte.  These  differ  in  the  character  of  the  granules 
they  contain  (not  represented  in  the  figure).  In  normal  blood  these  granules  are 
neutrophilic  in  the  vast  majority  of  the  polynucleated  leucocytes.  Occasionally 
they  are  acidophilic,  “esinophile  leucocytes”  ; sometimes  basophilic,  “mast-cells” 
or  “ plasma-cells.”  d,  e,f,  intermediate  and  probably  transitional  forms  between  the 
large  mononuclear  leucocytes  c,  and  the  polynucleated  leucocytes,  or  leucocytes 
with  polymorpbic  nuclei,  g.  (Bohm  and  Davidoff.) 


the  total  number  of  leucocytes,  and  have  a large  irregular 
nucleus,  often  resembling  two  nuclei  connected,  contain  fine 
granules  which  stain  especially  with  neutral  anilin  dyes,  and 
possess  the  power  of  amoeboid  movements.  These  cells  are 
found  as  wandering  cells  everywhere  in  the  tissues,  and  are 
esjiecially  abundant  in  inflammatory  processes,  where  they 
are  the  main  constituent  of  the  exudate  and  later  of  the  pus. 
Tliey  are  supposed  to  digest  bacteria,  a process  called  phago- 
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The  small  lymphocytes  have  a single  round  nucleus  in  a 
clear  cytoplasm.  They  are  the  smallest,  and  form  about  20 
per  cent,  of  the  white  cells.  Their  nucleus  contains  much 
chromatin  arranged  in  areas,  called  checker-board  nucleus^ 
and  is  large  in  proportion  to  the  size  of  the  cell. 

The  large  lymphocytes  make  up  about  6 per  cent.,  and  are 
larger  than  the  preceding,  have  oval  nucleus  and  clear  cyto- 
plasm. 


Fig.  40. 


Cross-sectiou  of  artery ; a,  endothelial  lining ; h,  internal  elastic  lamina ; c,  tunica 
media;  d,  tunica  adventitia;  e,  adipose  tissue  ; /,  small  nerve.  (Dunham.) 


The  eosinophiles  are  large  cells  with  several  irregular  nuclei 
and  large  granules  which  stain  especially  well  with  the  acid 
dye  eosin.  They  constitute  about  2 per  cent,  of  the  leucocytes. 

The  basophiles  are  sometimes  called  mast-cells,  or  plasma- 
cells,  and  are  quite  rare.  They  stain  only  with  the  basic 
anilin  colors. 

Blood-plaques  or  platelets  are  round  or  oval,  colorless,  and 
about  one-fourth  the  size  of  red  corpuscles.  They  probably 
have  something  to  do  with  the  liberation  of  fibrin. 

O 
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Origin  of  the  Red  Corpuscles. — These  are  primarily  derived 
from  the  mesoderm,  at  first  possess  nuclei,  have  no  haemoglo- 
bin, and  are  called  erythi'ohlasts.  In  embryonic  life  the 
formation  of  erythrocytes  takes  place  in  the  liver,  lymph- 
glands,  and  spleen.  Later  they  are  mostly  produced  in  the 
red  bone-marrow. 

Origin  of  the  White  Corpuscles. — These  owe  their  origin 
principally  to  the  spleen  and  the  lymphoid  tissues.  Some 
authors  believe  that  the  polynuclear  leucocytes  are  derived 
from  the  myelocytes  of  the  bone-marrow,  and  that  the 
lymphocytes  come  from  the  germinal  centres  of  the  lymph- 
glands. 

Size  of  Red  Blood- Corpuscles. — The  diameter  of  the  red 
blood-corpuscles  varies  greatly  in  different  animals,  and  the 
size  of  the  animal  has  no  relation  to  the  size  of  the  corpuscles. 
The  following  is  a table  of  the  diameters  : 


Man  . . . . 
Elephant  . . 
Whale  . . . 
Monkey  . 
Dog  . . . . 
Kabbit  . . . 
. • • • 
Hoi-se  . . . 
Cat  ...  . 
Sheep  . . . 
Mouse  . . . 
Guinea-pig  . 
Goat  . . . 
IMgeon  . . . 
Camel  . . . 
Snake  . . . 
Bear . . . . 
Ox  . . . . 
Deer  ... 
Toad  . . . 
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The  capillaries  are  the  smallest  vessels,  and  establish  the 
communication  between  the  arteries  and  veins.  They  consist 
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of  a single  layer  of  endothelial  cells,  with  little  openings 
between  the  cells,  called  the  digmatay  through  which  the 
leucocytes  are  supposed  to  pass  by  diapedesis. 

The  precapillary  arteries  are  composed  of  only  a thin  sheath 
of  connective  tissue  surrounding  an  endothelial  tube.  As 
they  approach  the  larger  vessels  and  heart  the  coats  are 
thickened  and  a layer  of  smooth  muscular  tissue  is  arranged 
circularly  around  the  connective  tissue  covering  the  endo- 
thelial tube.  In  these  vessels  the  muscle-cell  nuclei  are 
seen  to  run  at  right  angles  to  the  nuclei  of  the  endothelial 
cells. 

The  arteries  consist  of  three  coats — the  inner  or  intima,  the 
middle  or  media , and  the  outer  or  adventitia.  Their  structure 
varies  somewhat  as  to  size.  Only  the  medium-sized  arteries 
will  be  described. 

The  intima,  or  inner  coat,  is  made  up  of  three  parts,  the  inner- 
most layer  of  flat  endothelial  cells,  affording  a smooth  surface 
for  the  passage  of  the  blood,  the  subendothelial  layer  of  a 
delicate  fibrous  connective  tissue,  and,  lastly,  a band  of  elastic 
tissue.  In  the  larger  arteries,  as  the  aorta,  this  subendothe- 
lial tissue  is  composed  of  a stratum  of  fibrous  and  elastic 
tissue,  with  a few  connective-tissue  cells,  making  a thick 
layer  which  is  called  the  fenestrated  membrane  of  Henle. 

The  meduty  or  middle  coat,  is  a thick  layer  of  non-striated 
muscle-fibres  arranged  circularly  or  transversely  under  con- 
trol of  vasomotor  nerves,  and  some  white  and  elastic  con- 
nective tissue.  The  larger  the  artery  the  more  elastic  fibres 
and  less  muscle.  In  some  arteries  the  muscle-fibres  are 
arranged  longitudinally,  as  in  the  subclavian. 

The  adventitiay  or  outer  coat,  consists  of  a fibrous  and  elastic 
tissue,  between  the  bundles  of  which  are  scattered  connective- 
tissue  cells.  This  coat  is  the  one  which  gives  strength  to  the 
artery.  In  the  larger  arteries  it  also  contains  the  small 
vessels  which  supply  the  walls  of  the  vessels,  called  the  vasa 
vasorum,  and  a few  lymphatics. 

The  veins  have  the  same  coats  as  the  arteries,  except  that 
they  have  thinner  walls,  less  muscular  and  elastic  tissue,  and 
more  of  the  fibrous  element  in  proportion.  Many  of  the 
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veins  have  valves^  made  up  of  the  inner  coat  of  the  vessels, 
strengthened  by  fibrous  and  elastic  tissue. 

The  heart  consists  of  three  layers — the  endocardium,  the 
muscular  tissue,  and  the  pericardium. 

The  endocardium  is  a continuation  of  the  inner  lining  of 
the  bloodvessels  and  similar  in  structure.  The  valves  of  the 
heart  are  folds  or  reduplications  of  the  endocardium,  strength- 
ened by  bands  of  fibrous  and  elastic  tissue. 

The  myocardium  is  composed  of  typical  cardiac  muscle 
and  forms  the  main  part  of  the  heart,  and  is  thickest  in  the 
wall  of  the  left  ventricle.  The  arrangement  of  the  muscle-fibres 
in  the  heart  is  very  complex,  and  consists  of  several  bands 
of  muscle  with  tendons  at  each  end,  rolled  up  like  a scroll. 
There  is  a rich  network  of  capillaries  in  the  heart  muscle. 

The  pericardium  is  the  serofibrinous  sac  which  covers  the 
heart,  and  is  lined  with  flat  endothelial  cells  with  a dense 
fibroelastic  connective  tissue  beneath.  The  heart  is  richly 
supplied  with  lymphatics  and  nerves. 

QUESTIONS. 

Name  the  parts  composing  the  circulatory  system. 

Of  what  is  the  hlood  composed  ? 

Name  the  kinds  of  blood-cells. 

Describe  the  red  corpuscles. 

What  are  rouleaux  ? 

What  is  the  coloring-matter  of  the  blood  ? 

What  is  the  difference  between  the  red  corpuscles  of  birds  and  those  of 
mammals? 

Describe  a leucocyte. 

Name  the  kinds  of  leucocytes. 

Describe  the  polynuclear  leucocytes ; the  small  lymphocytes ; the  large 
lymphocytes  ; the  eosinophiles ; and  the  basophiles. 

What  are  blood-plaques? 

What  is  the  origin  of  the  red  corpuscles  ? 

Name  the  coats  of  the  arteries. 

Describe  the  inner  coat ; the  middle ; and  the  outer. 

What  are  capillaries? 

How  do  veins  differ  from  arteries  in  structure? 

Describe  the  construction  of  the  valves. 

Name  the  structures  of  the  heart. 

Describe  the  endocardium. 

Describe  the  pericardium. 
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CHAPTER  VI. 

THE  LYMPHATIC  SYSTEM. 

The  lymphatic  system  consists  of  a circulating  medium, 
the  lymph,  its  vessels,  and  the  lymphatic  tissues,  which  com- 
prise the  diffuse  adenoid  tissue,  the  simple  lymphatic  nodules, 
and  the  compound  lymphatic  glands,  as  the  spleen,  the 
thymus  body,  and  the  tonsils. 

The  lymph  is  a colorless  fluid  composed  of  two  parts,  the 
cells  and  the  plasma. 

Fig.  41. 


Lymph-follicle.  (Flemming.) 


The  cells  are  similar  to  tlie  leucocytes  of  the  blood,  the 
small  lymphocytes  predominating. 

In  the  plasma  are  many  fatty  gramdes,  and  they  are  most 
abundant  in  the  lacteals,  which  absorb  the  products  of  diges- 
tion and  in  which  it  is  called  the  chyle. 

Lymph-vessels  are  very  similar  to  the  blood-capillaries  and 
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veins,  having  a lining  of  endothelium,  and  in  the  larger 
vessels  muscular  and  fibrous  outer  coats. 

The  lymph-capillaries  are  not,  like  the  blood-capillaries, 
intermediate  structures  between  the  two  systems,  but  they 
form  the  lymphatic  system  which  empties  into  the  vascular 
system. 

Lymphoid  or  adenoid  tissue  is  a delicate  connective-tissue 
reticulum  containing  the  small  round  lymphoid  cells  and 
communicating  with  the  lymphatic  vessels. 

Diffuse  adenoid  tissue  occurs  in  the  mucosae  of  the  digestive 
and  respiratory  tracts. 

The  simple  lymphatic  nodides  ov  follicles  consist  of  spherical 
masses  of  lymphatic  tissue,  having  a connective-tissue  cap- 
sule and  well  supplied  with  lymph-vessels.  The  tissue  is 
most  dense  at  the  periphery  of  the  gland.  These  lymph- 
glands  are  found  along  the  course  of  the  lymphatic  vessels 
and  are  grouped  together  in  the  neck,  axilla,  groin,  etc. 

The  spleen  is  a compound  lymphatic  gland  with  a special 
blood-sup])ly  opening  into  its  reticular  spaces. 

This  organ  is  often  called  a ductless  gland,  as  it  differs  from 
most  of  the  glands  of  the  body  in  not  having  an  excretory 
channel.  The  gland  or  organ  is  covered  with  a dense  cap- 
sule, of  an  outer  serous  and  an  inner  fibroelastic  coat,  from 
which  fibrous  bands  or  trabeculae  are  given  off,  which  pene- 
trate the  lymphatic  tissue  or  splenic  pulp,  as  it  is  called. 

These  trabeculae  constitute  the  framework  of  the  spleen. 
This  capsule  also  eon  tains  a few  non-striated  muscle-fibres. 
The  arteries  enter  the  organ  at  the  hilum,  and,  after  pene- 
trating its  capsule,  follow  the  trabeculae. 

Spherical  masses  of  dense  adenoid  tissue,  called  the  Mcd- 
pighian  corpuscles,  appear  throughout  the  gland,  and  these 
ensheath  the  arteries.  The  arteries  lack  tlie  characteristic 
arrangements  seen  in  other  organs,  and  the  blood  appears  to 
be  emptied  into  the  pulpy  structure  to  be  changed  or  regen- 
erated, and  then  filtered  into  the  veins  of  the  spleen.  The 
circulation  in  the  spleen  is  best  considered  together  with  the 
so-called  lobide  (Mall).  The  spleen  is  thus  divided  into  sacs, 
each  containing  a spleen-lobule.  The  Malpighian  corpus- 
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cle  is  situated  at  the  end  of  tlie  lobule  farthest  from  the  cap- 
sule. An  artery  in  the  eentre  of  the  lobule  l)ranehes  and 
supplies  the  compartments  formed  by  the  intralobular  tra- 
beculae, and  the  blood  is  then  colh'cted  by  the  intralobular 
vein. 

Fig.  42. 


The  thymus  body  is  a ^land  of  the  neck,  which  in  its  ear- 
liest stages  is  composed  of  epithelium,  but  later  is  surrounded 
by  lymphoid  cells,  crowding  aside  the  ejiithelium,  and  finally 
in  adult  life  disappears. 

This  gland  is  enveloped  in  its  mature  state  by  a capsule 
of  fibrous  tissue  sending  trabeculae  into  its  cortical  portion, 
thus  dividing  this  part  into  lobules.  The  medulla  is  a less 
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dense  lymphatic  reticulum,  free  from  the  fibrous  trabeculae, 
and  contains  the  corpuscles  of  llassall,  which  are  small  spher- 
ical bodies  of  epithelial  cells,  the  remains  of  the  original 
epithelial  structures. 

The  Tonsils. — These  will  be  described  in  connection  with 
the  alimentary  canal. 

The  Serous  Membranes. — These  structures  form  cavities  or 
sacs  closely  related  to  the  lymph-tracts.  The  inner  surface 


Fig.  43. 


Section  through  a secondary  lobule  of  the  thymus  of  a child  six  months  old. 

(Szymonowicz.) 


consists  of  a single  layer  of  endothelial  cells,  having  at  inter- 
vals small  openings  called  stomata. 

This  layer  rests  upon  an  interlacing j^6ro?is  connective-tissue 
layer,  in  which  are  scattered  some  elastic  tissue  fibres.  The 
principal  serous  membranes  are  the  peritoneum,  pleura,  peri- 
cardium, tunica  vaginalis,  synovial  membranes  of  joints, 
tendons,  and  bursa. 

QUESTIONS. 

Of  what  does  the  lympliatic  system  consist  ? 

What  is  lymph  ? Chyle  ? 

Describe  adenoid  tissue. 

Where  do  we  find  diffuse  adenoid  tissue? 

Describe  a lymphatic  follicle. 
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What  kind  of  gland  is  the  spleen  structurally  considered  ? Describe  its 
capsule. 

What  are  the  trabeculae? 

What  is  the  coarse  of  the  bloodvessels? 

Describe  the  Malpighian  corpuscles. 

What  is  the  thymus  body?  Of  what  is  it  composed  in  its  early  state? 
Describe  the  gland  in  its  mature  state.  Where  is  it  most  dense? 

What  are  the  corpuscles  of  Hassall? 

How  far  in  do  the  trabecuhe  extend  ? 

What  are  the  serous  membranes  structurally  considered?  Describe  their 
inner  lining. 

What  are  stomata  ? 

Name  the  principal  serous  cavities. 


CHAPTER  VII. 

THE  DIGESTIVE  ORGANS. 

These  consist  of  the  mouth,  salivary  glands,  teeth,  oesoph- 
agus, large  and  small  intestine,  liver,  and  pancreas.  They 
are  mostly  hollow  or  tubular  organs,  lined  with  epithelium 
of  either  the  mucous  or  glandular  type,  each  having  a different 
function  to  perform.  The  function  as  a whole  is  the  prepara- 
tion of  the  food  and  digestion  of  the  same — that  is,  preparing 
it  in  such  a condition  so  as  to  be  absorbed  or  taken  up  by  the 
bloodvessels  and  lymphatics  with  which  this  system  is  well 
supplied. 

The  mucous  membranes  are  made  up  of  squamous  or  colum- 
nar epithelium,  with  a submucous  layer  of  fibrous  tissue,  and 
in  this  layer  are  found  the  glands.  These  glands  consist 
almost  entirely  of  epithelial  tissue,  which  possesses  a secre- 
tory function. 

The  cavities  or  passages  which  communicate  with  the 
exterior  are  all  lined  with  mucous  membrane. 

The  glands  are  divided  into  the  tubular,  which  may  l)e 
simple  or  compound,  and  into  the  saccular,  which  are  either 
simple  or  compound. 

The  simple  tubular  glands  are  those  of  the  mucous  follicles 
of  the  intestine  and  the  peptic  glands  of  the  stomach.  They 
consist  of  a single  tube  lined  with  glandular  epithelium 
derived  from  the  cells  covering  the  mucous  membrane  of 
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stomach  and  intestine  adjacent  to  the  gland,  and  extend  down 
into  the  snbm neons  layer. 

These  tubular  glands  vary  from  straight  cylindrical  tubes 
to  those  having  a tortnons  course,  often  forming  the  so-called 
coiled  glands,  examples  of  the  same  being  the  sweat-glands. 

Compound  tubular  glands  consist  of  several  tubes  emptying 
their  contents  into  one  month  or  dnet,  and  are  fonnd  in  the 
pyloric  end  of  the  stomach. 

Simple  saccular  or  alveolar  glands  are  spherical  cavities 
lined  with  epithelium,  and  commnnicating  with  the  surface 
by  a duct.  Idiey  are  best  represented  by  the  smallest  seba- 
ceous glands,  otherwise  they  are  rare  in  the  human  snbject, 
but  fonnd  often  in  other  mammals  of  lower  type. 

Compound  saccular  or  racemose  glands  are  made  np  of  a 
number  of  sac-like  cavities  connected,  but  not  commnnicating 
with  each  other,  and  all  opening  into  a common  excretory 
duct. 

They  resemble  bunches  of  grapes,  and  when  the  glands 
are  large  are  divided  into  groups,  these  groups  forming  lobes 
and  lobules.  Each  lobule  has  its  duct,  into  which  all  the 
saccules  forming  it  empty.  Ducts  from  numerous  lobules 
come  together,  forming  a still  larger  duct,  and  these  ducts 
finally  empty  into  a common  duct.  These  glands  are  best 
typified  in  the  lungs. 

The  glands  are  all  richly  supplied  with  bloodvessels,  which 
divide  into  fine  capillaries  and  surround  the  tubuli  or  alveoli. 
The  blood  carries  with  it  the  materials  used  in  the  formation 
of  the  secretion,  and  is  only  separated  from  the  lumen  of  the 
gland  by  the  secreting  cells  lining  the  glands. 

The  mouth  is  lined  with  stratified  squamous  epithelium, 
beneath  whicli  is  a layer  of  connective  tissue  containing  some 
elastic  fibres.  This  layer  is  called  the  tunica  propria,  and  is 
covered  with  numerous  papillre  varying  in  size,  the  largest 
being  those  found  on  the  lips.  Beneath  this  is  the  submucosa, 
which  is  a layer  of  areolar  connective  tissue  loosely  attached, 
except  at  certain  points,  where  it  is  in  intimate  contact  with 
the  periosteum  of  the  bones.  This  layer  contains  very  numer- 
ous racemose  glands  which  secrete  mucus. 
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Two  plexuses  of  bloodvessels  run  parallel  to  the  surface : 
the  deeper,  made  up  of  larger  vessels,  is  situated  in  the  sub- 


Fig.  44. 


Fk;.  45. 


Compound  tubular  gland. 


Fig.  46. 


Fig.  47. 


Compound  or  racemose  saccular 
gland. 

Morphologic  types  of  secretory  glands,  diagrammatically  represented.  (Dunham.) 


mucosa ; while  the  upper,  in  the  tunica  propria,  consists  of  a 
fine  mesh  work  of  small  vessels.  These  latter  capillaries  end 
in  the  papillae,  where  they  form  a plexus. 
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The  lymph-vessels  are  arranged  somewhat  similarly  to  the 
bloodvessels. 

The  nerves  in  the  papillje  are  Krcmse^s  end-hiilbs,  while 
those  in  the  epithelium  terminate  as  fine  intraepithelial  nerve- 
endings. 

The  epithelium  of  the  mouth  is  continuous  with  that  of 
the  skin,  tongue,  pharynx,  and  nose,  and  is  derived  from 
the  same  layer  of  the  blastoderm,  namely,  the  ectoderm. 
The  epithelium  of  the  remainder  of  the  alimentary  tract  is 
entodermic  in  origin,  except  the  lower  two  inches  of  the  rectum, 
which,  like  the  mouth,  is  ectodermic.  The  connective-tissue 
framework  is  derived  from  the  mesoderm. 

The  tongue  is  the  organ  of  the  special  sense  of  taste.  It 
is  composed  of  bundles  of  voluntary  or  striated  muscle- 
fibres,  consisting  of  the  hyoglossus,  the  geniohyoglossus,  the 
chondroglossus,  the  styloglossus,  the  palatoglossus,  and  the 
lingualis.  The  lingnalis  is  divided  according  to  direction 
of  its  til  )res  into  the  superior,  inferior,  vertical,  and  trans- 
verse lingualis.  These  muscle-fibres  are  arranged  in  three 
planes,  namely,  vertical,  transverse,  and  longitudinal,  and 
separated  into  ecpial  lateral  halves  in  the  median  line  by  a 
vertical  fibrous  se])tum  (raphe)  composed  of  connective  tissue, 
which  widest  in  the  middle,  gradually  slopes  on  either  side. 
Over  this  muscle  is  a layer  of  connective  tissue,  the  siibmu- 
cosa,  and  upon  this  is  the  mucous  membrane.  The  submu- 
cosa is  in  some  parts  poorly  developed. 

The  mucosa  is  composed  of  stratified  squamous  epithelium. 
Mucous  glands  of  the  racemose  type  and  Ebner  or  serous 
glands  dip  down  into  the  submucosa.  The  mucous  glands 
are  rather  widely  distributed  over  the  tongue,  princi])ally  in 
the  region  of  the  circum vallate  papillae.  4 he  glands  ot  Huhn 
— mucous  in  type — are  found  near  the  tip  of  the  tongue,  infe- 
riorly. 

The  serous  glands  are  found  only  in  the  back  part  of  the 
tongue;  their  watery  secretion,  being  discharged  in  the  neigh- 
borhood of  the  circumvallate  papilhe,  is  claimed  by  some  to 
be  for  the  purpose  of  assisting  in  dissolving  the  substances 
to  be  tasted. 
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The  mucous  membrane  is  thin  on  the  inner  surface,  but 
gradually  thickens  as  it  reaches  the  dorsum,  where  it  is  thrown 
into  folds  or  papillae  by  the  elevations  of  the  submucosa. 
These  papillae  are  divided  into  the  filiform  or  papillae  minimae, 
the  fungiform  or  papillae  mediae,  and  the  circumvallate  or 
papillae  maximae. 


Fig.  48.  Fig.  49. 


Papillse  of  human  tongue.  (Heitzmann.) 

Fig.  48. — Filiform  papillie. 

Fig.  49.— Fungiform  papilla epithelium;  C,  tunica  propria,  showing  capil- 
laries , L,  lymphoid  tissue ; M,  muscle. 


The  Jilifo7'm  or  coniocil  papillae  are  the  most  numerous, 
found  in  all  parts  of  the  upper  surfice  of  the  tongue,  and 
consist  of  conical  processes  of  the  tunica  propria  covered 
with  a thick  layer  of  stratified  squamous  epithelium,  the 
cells  at  the  apex  presenting  a dead  or  horny  appearance.  ^The 
apex  of  these  papillae  is  branched,  giving  a brush-like 
appearance,  some  elastic  fibres  being  present  to  make  them 
more  firm. 


5— His. 
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The  fungiform  papillae  are  less  numerous,  found  on  all 
parts  of  the  upper  surface  of  the  tongue,  chiefly  at  the  apex 
and  sides.  They  are  lower  and  broader  than  the  filiform,  hav- 
ing a rounded  apex  covered  with  secondary  projections  and 
attached  to  the  surface  by  a constricted  base.  The  epithelial 
covering  does  not,  as  in  the  filiform,  become  cornified,  nor  is 
it  quite  so  thick,  but  with  a rich  blood-supply  immediately 
beneath  the  thin  epithelium  they  are  distinguished  by  their 


Fig.  50. 


Circunivallate  papillae  of  rabbit : p,  fibrous  core  of  papilla ; g,  taste-buds ; 
71,  nerves  ; a,  gland  of  Ebner.  (Ranvier.) 


red  color,  and  by  their  outline,  which  resembles  a mushroom, 
whence  their  name  is  derived. 

The  eircumvallate  ]iapillfe  are  eight  to  ten  in  number,  situ- 
uated  at  the  base  of  the  tongue,  being  arranged  in  a V-shaped 
fashion  just  anterior  to  the  foramen  ctecum.  They  resemble 
the  fungiform  except  that  they  are  larger,  are  constricted  at 
their  base,  and  more  flat  on  top,  lying  in  a cup-shaped  depres- 
sion in  the  mucous  membrane  ; the  mucous  membrane  form- 
ing a sort  of  ridge  or  wall  around  them.  On  the  side-walls 
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of  these  papillfe  are  found  tlie  end-apparatus  of  the  nerves 
of  taste,  the  so-called  taste-buds. 

Taste-buds,  or  the  organs  of  the  special  sense  of  taste,  are 
found  within  the  epithelium  on  the  sides  of  the  circnmvallate 
papillae  and  also  on  the  sides  of  the  furrows  between  the 
pa])illje.  At  times  they  are  found  in  the  fungiform  papilla) 
as  well  as  in  the  epiglottis  and  soft  palate.  These  are  oval 
bodies  reaching  the  entire  thickness  of  the  epithelium  and 
perpendicular  to  the  surface.  Their  base  being  widest,  rests 
upon  the  tunica  propria,  while  the  apex  is  marked  by  an 
opening  known  as  the  taste-pore.  They  consist  of  two  layers 
of  specialized  epithelial  cells. 

The  outer  or  overlapping  layer  of  long  flattened  epithelial 
cells,  known  as  the  cortical  cells,  have  a pointed  apex  with  a 
centrally  placed  nucleus  in  clear  protoplasm. 

The  inner  layer  is  composed  of  slender  spindle-shaped 
neuroepithelial  cells,  called  the  gustatory  cells.  These  cells 
end  in  long,  hair-like  processes  which  project  almost  to  the 
surface  epithelium  of  the  papillae.  They  have  a large  either 
centrally  or  basally  situated  nucleus  in  granular  protoplasm. 
Whether  or  not  the  terminal  branches  of  the  gustatory  nerve 
end  in  this  inner  layer  of  cells  is  still  sub  judice,  some  author- 
ities claiming  that  only  sensory  nerves  are  found  in  the  taste- 
buds.  Some  recent  authors  state  that  the  gustatory  cells  are 
connected  only  by  contact  with  the  glossopharyngeal  nerve. 
The  branches  of  this  nerve  form  a network  in  the  tunica 
propria.  From  this  network  fine  bundles  of  fil)res  are. given 
off  and  form  a subepithelial  ])lexus.  A few  of  these  nerve- 
fibres  enter  the  taste-buds  and  surround  the  gustatory  cells, 
extending  up  to  the  pore  of  the  buds,  and  end  as  minute 
swellings  on  the  gustatory  cells. 

The  tongue  is  richly  supplied  with  bloodvessels;  the  larger 
vessels  enter  the  submucosa  and  there  form  plexuses,  branches 
from  which  reach  up  into  the  summit  of  the  papilla?. 

The  lymphatics  are  also  numerous  and  arranged  as  a plexus 
in  the  submucosa,  communicating  with  those  from  the  bases 
of  the  papillse. 

' The  nerves  of  the  mucous  membrane  are  of  two  kinds. 
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common  sensory  and  special  sensory  of  taste;  namely,  the 
lingual  branches  of  the  trifacial  and  of  the  glossopharyngeal, 
motion  being  supplied  by  the  hypoglossal.  Sympathetic  fila- 
ments also  enter  on  some  of  the  bloodvessels. 


Fig.  51. 


Section  through  crypt  of  tonsil:  e,  epithelium;/,  lymphoid  follicles:  material 

within  the  crypt,  composed  partly  of  escaped  lymphoid  cells.  (Stohr.) 

Tonsils. — The  adenoid  tissue  around  the  borders  of  the 
mouth-cavity  is  arranged  in  a group,  the  lymphatic  lAiaryngeal 
ring  (Waldeyer),  and  comprises  the  lingual,  pharyngeal,  and 
palatine  tonsils. 

These  palatine  tonsils  are  the  largest  and  the  most  impor- 
tant, and  are  two  compound  lymphatic  glands  situated  between 
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the  pillars  of  the  fauces.  They  are  made  up  of  a number 
of  lymph-follicles  surrounded  on  the  attached  surface  by  a 
fibrous  capsule,  and  on  the  outer  or  exposed  side  by  stratified 
squamous  epithelium,  the  same  being  a continuation  of  the 
mucosa  of  the  mouth. 

The  mucous  membrane  dips  down  into  the  lymphatic  tissue 
and  forms  follicles  or  crypts  lined  with  the  same  stratified 
squamous  and  infiltrated  by  lymphoid  cells;  no  line  of  demar- 
cation between  epithelial  and  adenoid  tissue  being  present. 

The  pharyngeal  tonsils  have  their  crypts  lined  .with  ciliated 
epithelium,  and  it  is  these  which  on  hypertrophy  form  the 
so-called  adenoids  of  children. 

The  tonsils,  like  the  tongue,  are  well  supplied  with  blood- 
vessels and  lymphatics. 

The  teeth  consist  of  three  parts : the  crown,  that  part  ex- 
posed or  projecting  above  the  gum  ; the  fang,  that  portion 
which  is  firmly  implanted  within  the  alveolus  and  is  covered 
by  the  gum  ; and  the  neck,  which  is  the  constriction  between 
the  crown  and  the  fang.  The  teeth  may  be  considered  as 
hardened  papillae  of  the  mucous  membrane  of  the  mouth. 

The  teeth  are  composed  of  the  dentine,  the  enamel,  and  the 
cementum. 

The  dentine,  or  ivory,  forms  the  bulk  of  and  gives  shape  to 
the  tooth  and  encloses  a space  called  the  pulp-cavity,  except 
where  the  vessels  and  nerves  enter  the  apex  of  the  fang. 
The  dentine  is  composed  of  a connective-tissue  basis  im])reg- 
nated  as  in  bone  with  lime  salts ; dentine  is  made  up  of 
small  canals,  the  dentine-tubules,  which  extend  the  entire 
thickness  of  the  dentine,  from  the  enamel  or  cementum  to 
the  pulp-cavity.  Dentine  differs,  however,  from  ordinary 
bone  in  that  its  cells  do  not  lie  in  cavities  of  the  ground- 
substance,  but  are  situated  on  the  surface  of  the  pulp  next  to 
the  dentine  and  the  cell-fibres  extend  into  the  dentine. 

The  dentine-tubules  have  comparatively  thick  walls,  are 
wavy  in  course,  and  parallel  to  each  other.  Small  branches 
or  ramifications  are  given  off  whereby  they  communicate  with 
each  other.  Each  tubule  contains  cylindrical  processes  from 
the  cells  of  the  pulp-tissue,  known  as  the  dentinal  fibres.  The 


70 


THE  DIGESTIVE  ORGANS. 


Fig  52. 


Section  of  tooth  in  situ:  1,  enamel ; 2,  dentine ; 3,  crusta  petrosa;  4,  periodontal 
membrane  ; 5,  maxillary  bone ; c,  pulp-cavity.  (Waldeyer.) 


dense  portion  of  tlie  dentine  matrix  surrounding  the  tnbnles 
is  especially  resistant  to  acids^  and  is  called  the  dentinal  sheath 
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or  intGrtiibiilcir  tissiiG.  lliis  intcrtubulur  tissue  is  tninsluceiit 
aiul  coiitciiiis  the  greater  part  of  the  phosphate  and  carbonate 
of  calcium  which  go  to  make  up  the  dentine. 

Along  the  periphery  of  the  dentine  many  star-shaped  sj^accs 
are  found  which  communicate  with  the  tubules,  dhey  are 


Fig. 
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Part  of  a cross-section  through  a human  incisor  tooth  in  the  region  of 
the  root.  X 360.  (Szymonowicz.) 


the  result  of  failure  of  calcification,  and  are  known  as  the 
dentinal  lacunce  or  interglobular  spaces.  The  lines  of  Salter 
are  irregular  concentric  lines  due  to  imperfect  calcification, 
while  the  lines  of  Shreger  are  due  to  the  curvature  of  the 
dentinal  tubules.  Between  the  dentine  and  the  enamel  there 
is  found  a layer  of  irregular  interglobular  spaces.  Similar 
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spaces,  hut  smaller,  are  fouiul  between  the  cementiim  and  the 
dentine  ; these  latter  being  called  Tonies^  granular  layer. 

The  pulp,  which  occupies  the  cavity  surrounded  by  the 
dentine,  consists  of  a matrix  of  immature  connective  tissue 
with  many  stellate  and  spindle  cells,  nerves,  and  bloodvessels. 
AVhere  the  pulp  comes  into  contact  with  the  dentine  are  layers 
of  elongated  connective-tissue  cells,  lying  perpendicular  to 
the  dentine  and  known  as  odontoblasts.  These  cells  send 
processes  into  the  dentinal  tubules,  known  as  the  dentinal 
fibres. 

The  bloodvessels  and  nerves  supplying  the  pulp  break  up 
to  form  plexuses  which  are  found  under  the  odontoblasts. 
The  nerves  enter  the  pul])-cavity  and  pass  up  through  its 
centre,  with  numerous  branches  running  toward  the  periphery, 
and  lose  their  medullary  sheath  as  they  pass  up  among  the 
odontoblasts,  ending  as  small  swellings  between  the  dentine 
and  these  cells. 

The  enamel  is  formed  of  a number  of  six-sided  prisms, 
composed  of  a very  dense,  hard  substance  containing  little 
organic  matter.  These  columns  or  prisms  are  not  straight, 
but  present  wavy  borders,  run  through  the  entire  thickness 
of  the  enamel,  and  are  held  together  by  a delicate  layer  of 
cement.  A delicate  but  resistant  membrane,  known  as  the 
enamel  cuticle  or  memhi'ane  of  Nasmyth,  which  is  the  remains 
of  the  enamel  organ,  covers  the  external  surface  of  the  enamel, 
and  remains  for  a short  time  after  birth. 

The  cementum,  or  crusta  petrosa,  surrounds  the  fang  of  the 
tooth  from  the  end  of  the  enamel  to.  the  apex  of  the  fang, 
and  closely  resembles  bone,  being  made  up  of  parallel 
laniellse  or  layers  of  bone-tissue  containing  lacun^e.  Haver- 
sian canals  are  very  rarely  found.  This  cementum  is  in 
direct  contact  with  a vascular  fibrous  structure  similar  to  the 
]^criosteum  of  bone,  called  the  periodontal  membrane,  of  wliich 
it  is  the  product.  Unlike  the  })ulp,  the  dentine  is  a tissue 
entirely  free  from  bloodvessels  and  nerves.  The  cementum 
is  non-vascular,  and  the  enamel  may  be  considered  as  a dead 
substance  which  needs  no  nourisliment. 

Development  of  the  Teeth. — The  enamel  of  the  teeth  is 
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derived  from  the  epitlielium  of  tlie  mouth  aud  is  ectodermic 
in  origin,  while  the  dentine,  dental  pulp,  cementum,  and  j)eri- 
cementum  are  of  the  connective-tissue  type  and  are  rneso- 
dermic.  Morphologically  the  teeth  represent  papilla)  of  the 
mucous  membrane. 

Fio.  r>4. 
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Section  of  developing  tooth,  from  embryo  of  rabbit : ep,  epithelium  of  gum  ; sh, 
epithelial  cells  forming  outer  layer  of  the  enamel-pulp  of  the  temporary  tooth ; 
L,  similar  layer  belonging  to  the  rudiment  of  the  permanent  tooth ; Sr,  enamel- 
pulp  ; p,  dental  pulp  of  the  tooth-cavity  ; d,  dentine  ; v,  bloodvessels ; B,  rudiment 
of  second  or  permanent  tooth ; a,  embryonic  connective  tissue  of  the  alveolar 
process.  (Freund.) 


About  the  seventh  week  of  embryonal  life  a thickening  of 
the  e])ithelium  covering  the  jaw  occurs  due  to  activity  of  the 
germinal  epithelial  layer.  This  thickening  forms  not  onlv 
an  elevation  of  the  mucous  membrane,  but  also  sinks  down 
into  the  submucosa.  The  ridge  thus  formed  is  known  as  the 
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dental  ridge.  From  the  inner  side  of  this  ridge  epithelial 
cords  or  dental  bulbs  arise  which  will  form  the  temporary 
teeth.  These  bulbs  continue  to  grow  into  tlask-shaped 
bodies,  their  interior  being  mature  cells,  while  externally  they 
are  covered  with  germinal  cells.  Later  on,  these  become  the 
enamel  organs. 

About  this  time  the  fibrous  tissue  of  mesoblastic  origin 
begins  to  surround  the  enamel  organs.  The  base  of  the 
enamel  organ  becomes  indented,  due  to  this  papillary  growth, 
and  the  future  tooth  is  being  shaped.  The  fibrous  tissue 
which  lies  under  the  enamel  organ  is  condensed  and  the 
bloodvessels  begin  to  form.  This  fibrous  tissue  gradually 
surrounds  the  whole  cord  and  is  called  the  dental  sac,  which 
with  its  contents  comprises  the  dental  follicle.  From  the 
sides  of  the  epithelial  cords,  buds  develop  forming  the  enamel 
organs  for  the  permanent  teeth.  The  cells  of  the  enamel 
organ  are  now  differentiated  into  several  layers,  an  outer  or 
cuboidal  layer,  and  an  inner  or  columnar  layer,  with  a middle 
or  stellate  layer  called  the  enamel  jelly.  The  mesodermic 
])apilhe  which  arc  caj)pcd  by  the  enamel  organ  now  push 
toward  the  surface,  their  blood-supply  being  well  established, 
while  the  cells  of  the  surrounding  connective  tissue  have 
elongated  to  form  the  odontoblasts,  which  later  produce  the 
dentine. 

Formation  of  Enamel. — Gradually  globules  of  a calcareous 
nature,  known  as  the  enamel-prisms,  are  secreted  by  the  inner 
columnar  layer  of  cells  of  the  enamel  organ.  Between  these 
prisms  the  cementing  substance  is  secreted,  the  deposit  of 
enamel  occurring  from  within  out. 

Formation  of  Dentine. — The  odontoblasts  take  from  the 
blood  the  material  for  making  the  dentine,  which  they  secrete, 
the  same  being  deposited  in  layers  from  without  in. 

The  cementum  has  its  origin  from  the  dental  sac,  being  a 
layer  of  bone  adherent  to  the  dentine  and  covering  the  fang. 
The  central  portion  of  the  dentinal  papillfB  is  changed  into 
pulp  after  a sufficient  amount  of  dentine  has  been  deposited. 
The  permanent  teeth  develop  from  the  secondary  enamel 
organs  which  are  left  as  remnants  of  the  original  dental 
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ridge,  development  taking  place  in  the  same  manner  as 
described  under  the  temporary  teeth. 

THE  PHARYNX. 

The  pharynx  is  a fibromembranous  tube  surrounded  by 
voluntarv  muscular  tissue  and  lined  with  mucous  membrane. 
The  fibrous  coat  is  the  middle  coat,  and  is  thick  above,  gradu- 
ally disappearing  below. 

The  mucous  membrane  is  composed  above,  in  the  naso- 
pharynx and  region  of  the  nasal  cavities,  of  columnar  ciliated 
epithelium,  below  of  stratified  squamous,  continuous  with 
that  of  the  mouth.  Numerous  crypts  surrounded  by  lymphoid 
tissue,  which  comprises  the  j)baryngeal  tonsilsy  are  })resent  in 
the  tunica  propria.  The  muscular  coat  is  composed  in  the 
outer  layers  of  striated  muscle-tissue. 

THE  (ESOPHAGUS. 

The  oesophagus  is  a tubular  structure,  the  walls  of  which 
are  composed  of  four  coats,  the  mucous,  the  submucous,  the 
muscular,  and  the  fibrous. 

The  mucous  membrane  consists  of  stratified  squamous  epi- 
thelium, a continuation  of  the  epithelium  lining  the  mouth 
and  pharynx,  and  rests  upon  the  fibrous  tunica  propria,  which 
is  thrown  into  papillae. 

Between  the  mucosa  and  the  submucosa  are  longitudinal 
bundles  of  involuntary  musele-fibres,  the  muscular  is  mucosce. 
These  bundles  are  absent  in  the  upper  part  of  the  oesophagus, 
but  become  prominent  in  the  lower  part,  forming  a distinct 
layer. 

The  subinucous  coat  is  made  up  of  loose  connective  tissue 
containing  many  bloodvessels,  lymphatics,  and  mucous  glands. 
These  mucous  or  oesophageal  glands  are  small  eom pound 
racemose  glands  widely  scattered  throughout  the  whole 
length,  being  most  numerous  in  the  lower  third.  These 
glands  have  a long  excretory  duct  which  passes  through  the 
muscularis  mucosae  and  emj)ties  its  secretion  on  the  free  sur- 
face of  the  mucous  membrane.  Another  type  of  glands,  dis- 
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tinct  from  the  mncoiis  glands,  are  described  by  some  authors. 
These  occur  in  small  groups  in  the  upj)er  part  of  the  oesoph- 
agus and  at  or  near  the  junction  of  the  stomach  and  oesoph- 

Fig.  5o. 


Part  of  a cross-section  of  the  oesophagus  of  a dog:  a,  mucous  membrane ; h,  sub- 
mucous coat;  c,  muscular  coat;  d,  fibrous  coat;  e,  stratified  epithelium;  /,  subepi- 
thelial  areolar  tissue  (sometimes  called  the  “ tunica  propria  ” of  the  mucous  mem- 
brane) ; g,  muscularis  mucosae ; h,  areolar  tissue  of  the  siibmucosa,  containing  the 
chief  branches  of  the  arterial  and  venous  vessels ; i,  internal,  encircling  layer  of 
the  muscular  coat.  (Bdhm  and  Davidoft’.) 


agus.  They  are  situated  superficially  to  the  muscularis 
mucosae. 

The  muscular  coat  is  composed  of  an  inner  circular  coat 
and  an  outer  longitudinal  coat.  In  the  upper  third  of  the 
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oesophagus  the  fibres  are  striated  muscle  continuous  witli  the 
inferior  constrictor  of  the  })harynx,  in  the  middle  third  they 
are  mixed,  and  in  the  lower  third  non-striated. 

The  fibrous  coat  consists  of  dense  white  fibroelastic  tissue 
and  surrounds  the  muscular  layer  externally.  Bloodvessels 
and  lymphatics  are  abundant  in  the  submucosa,  and  the 
larger  arteries  and  veins  are  situated  in  the  submucosa,  with 
branches  passing  upward  to  the  mucosa  and  downward  to  the 
muscle.  fibril IsB  are  traced  from  the  submucous  coat 

to  the  epithelial  cells  of  the  mucosa.  These  nerves  are  derived 
from  two  large  plexuses  of  sympathetic  fibres,  one  between 
the  muscle-coats  and  one  in  the  submucosa  like  those  found 
in  the  intestines. 


THE  STOMACH. 

The  stomach  is  a sac-like  dilatation  of  the  alimentarv 

%/ 

canal  composed  of  four  coats  which  from  without  inward  are 
the  fibroserous,  the  muscular,  the  submucous,  and  the  mucous. 
It  is  divided  into  two  parts  for  study,  the  cardiac  and  the 
pyloric  ends. 

The  mucous  coat  consists  of  a single  layer  of  simple  colum- 
nar epithelium  with  some  goblet-cells.  Hexagonal  depres- 
sions are  separated  by  elevated  ridges,  and  give  the  surface  a 
honey-combed  appearance.  In  the  bottom  of  these  depres- 
sions are  seen  the  mouths  of  the  tubes  forming  the  gastric 
glands.  These  glands  differ  according  to  whether  located  in 
the  cardiac  or  pyloric  end  of  the  stomach.  The  mucosa  in  a 
recent  state  is  of  a gray  or  grayish-red  color,  and  in  addi- 
tion to  the  hexagonal  depressions  has  many  conspicuous  folds 
or  rugae. 

The  carxliac  end  contains  simple  tubular  glands,  the  peptic 
fflandsy  consisting  of  a short  duct  lined  with  columnar  epithe- 
lium into  which  empty  two  or  more  tubes.  Where  the  duct 
and  the  tubes  join,  the  columnar  cells  change  into  another  type, 
so  that  the  tubules  are  lined  with  two  varieties  of  cells.  Along 
the  periphery  is  found  a layer  of  large  sj)heroidal  cells  hav- 
ing a granular  protoplasm  and  containing  a large  oval  nucleus 
called  the  parietal  or  acid  cells.  They  cause  a bulging  of  the 
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Fio.  50.  basement-membrane  giving  the 

tubule  a beaded  appearance. 
Those  parietid  cells  not  located 
directly  on  the  lumen  of  the 
gland  communicate  with  it  by 
a secretory  duct,  which  in  turn 
breaks  up  into  a number  of 
secretory  capillaries  surrounding 
the  cells  in  a network  and  pene- 
trating its  interior.  The  cells 
located  on  the  edge  of  the  lumen 
do  not  have  a duct,  but  empty 
into  the  lumen  directly  through 
their  secretory  capillaries. 

Along  the  lumen  of  the  tubule 
are  found  the  chief  or  peptic  cellsj 
which  are  composed  of  short  co- 
lumnar cells  containing  a finely 
granular  protoplasm.  These 
small  columnar  cells  are  sup- 
])osed  to  secrete  the  digestive 
ferment  pepsin,  and  also  mucus, 
while  the  large  parietal  cells  are 
the  acid-forming  cells. 

The  glands  of  the  pyloi'ic  end 
are  less  numerous  than  those  of 
the  cardiac.  They  consist  of 
several  short  tubules  emptying 
into  a long,  wide  excretory  duct. 
The  duct  is  lined  with  columnar 
epithelium  while  the  tubules 
have  a lining  of  short  columnar 
cells.  The  parietal  cells  of  the 
cardiac  end  are  absent.  These 
glands  secrete  a ferment,  I'ennet, 
but  no  acid. 

Both  the  cardiac  and  ])yloric  glands  secrete  mucus  and 
pepsin,  the  acid  being  secreted  by  the  cardiac  while  the  en- 


Diagranimatic  section  through 
coats  of  stomach : m,  mucosa ; e, 
epithelium ; d,  outlet  of  peptic 
gland;  mm,  muscularis  mucosfe; 
sm,  submucosa;  cm,  inner  circular 
muscular  layer ; Im,  outer  longitudi- 
nal muscular  layer;  s,  peritoneum. 
(Mall.) 
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Fig.  57. 


zyme  rennet,  which  precipitates  the  casein  of  milk,  is  secreted 
by  the  pyloric. 

The  submucous  coat  is  composed  of  a thick  layer  of  fibro- 
elastic  tissue  loosely  connecting  the 
mucosa  and  the  muscular  coat,  giv- 
ing much  movement  to  the  mucous 
membrane.  It  is  thrown  into  folds 
or  elevations  over  which  the  mucosa 
with  its  glands  is  reflected.  It  con- 
tains many  bloodvessels,  lymphat- 
ics, and  nerves,  also  some  diffuse 
adenoid  tissue.  The  nerves  form 
the  plexus  of  Meissner  and  send 
numerous  fibres  to  the  glands  of 
the  mucosa.  The  nerves  are  mainlv 
from  the  sympathetic  system. 

The  muscular  coat  consists  of 
two  layers  of  involuntary  muscu- 
lar fibres — an  inner  circular  and  an 
outer  longitudinal.  At  the  cardiac 
end  are  also  found  some  irregular 
or  oblique  bundles,  constituting  a 
third  layer.  At  the  pyloric  end 
the  circular  and  middle  lavers  are 
very  prominent,  causing  a valve- 
like projection  of  the  mucosa  and 
submucosa  forming  the  pyloric 
valve.  Some  fibres  of  the  outer 
layer  pass  through  the  sphincter 
pylori  and  may  be  traced  into  the 
submucosa. 

Between  the  circular  and  longi- 
tudinal layers  of  muscle-fibres  is  a 
nerve-plexus  made  up  of  both  medullated  and  pale  fibres, 
known  as  the  plexus  of  Auerbach. 

The  fibroserous  coat,  next  to  the  muscle,  is  a dense  fibro- 
elastic  tissue,  which  in  turn  is  covered  with  the  endothelial 
cells  of  the  peritoneum. 


Pyloric  glands.  (Bohm  and 
DavidolT.) 
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THE  SMALL  INTESTINE. 

The  small  intestine  has  four  coats,  the  mucous,  the  submucous, 
the  muscular,  and  the  tibroserous.  It  is  divided  into  three 
parts,  the  duodenum,  the  jejunum,  and  the  ileum. 

The  mucous  coat  is  continuous  with  that  of  the  stomach. 
It  is  lined  with  a single  layer  of  columnar  epithelium.  These 
cells  have  an  oval  nucleus,  which  usually  lies  in  the  lower 
half  of  the  cell,  embedded  in  granular  protoplasm.  A striated 
zone  is  found  on  their  free  surface.  Goblet-cells  are  found 
in  great  number.  They  are  formed  from  the  columnar  cell 
and  secrete  mucus,  which  is  poured  out  of  an  elliptical  opening 
at  their  free  surface.  The  principal  function  of  the  epithe- 
lium of  the  small  intestine  is  absorption,  the  secretion  being 
only  secondary. 

This  coat  is  thrown  into  transverse  or  oblique  folds,  the 
valvulce  conniventes^  found  especially  in  the  upper  part  of  the 
intestine,  and  its  free  surface  is  characterized  by  the  presence 
of  papillary  elevations  projecting  into  the  lumen  of  the  intes- 
tine, called  the  villi^  which  are  folds  simply  of  the  epithelial 
layer  and  the  tunica  propria,  the  muscnlaris  mucosa  continu- 
ing straight  below  tiiem.  The  villi  are  found  only  in  the 
small  intestine. 

The  valvulce  coyiniventes,  most  numerous  in  the  duodenum 
and  jejunum,  are  composed  of  the  submucous  and  mucous 
coats  only,  and  are  ring-like  folds  of  the  whole  mucous  mem- 
brane. The  villi  are  small  vascular  projections  made  up  of 
a fibrous  reticulum  resembling  adenoid  tissue  and  covered 
with  columnar  epithelium.  The  centre  or  core  of  each  contains 
the  chyle-vessel  or  lacteal.  The  villi  vary  in  form  according 
to  the  region  of  intestine  in  which  they  occur,  being  leaf-like 
in  the  duodenum,  while  in  the  jejunum  and  ileum  they  are 
cylindrical  and  thickened  at  the  free  extremity. 

The  lacteals  are  tubes  lined  with  endothelial  cells  and  end 
above  in  a blind  extremity.  Below  they  empty  into  the 
lymphatic  vessels  in  the  submucosa.  Along  the  sides  of  the 
lacteals  are  found  involuntary  muscle-fibres  derived  from  the 
muscnlaris  mucosie,  and  next  to  this  comes  the  capillary  net- 
work of  bloodvessels,  the  whole  being  covered  with  the  colum- 
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liar  epithelium  resting  on  a basement-membrane.  Tlie  matrix 
or  fibrous  reticulum,  which  holds  these  different  tissues 
together,  has  also  in  its  meshes  lymphoid  cells.  The  villi 
increase  the  surface  area  of  the  intestine  for  the  absorption 
of  its  contents.  Fat  or,  better,  oils  undergo  absorption 

Fig.  58. 


f- 


Axial  section  of  villus : a,  epithelium ; h,  p;oblet-cell ; d,  connective-tissue  cell 
of  basement-membrane ; e,  smooth  muscle-cells ; /,  reticulum  of  tunica  propria ; g, 
central  lacteal.  (Kultschitzky.) 


through  the  lacteals  of  the  villi.  It  is  probable  that  this 
occurs  not  as  an  emulsion,  but  as  fatty  acids  formed  by  combi- 
nation with  the  bile  salts.  The  epithelial  cells  again  convert 
the  fatty  acids  into  neutral  fats.  The  glands  of  the  intestine 
are  the  glands  of  Lieberkuhn  and  the  glands  of  Brunner. 

6 — Ilis. 
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The  crypts  or  follicles  of  Lieherkuhn  consist  of  thin  tubes  ex- 
tending down  into  the  snbnuieosa,  and  lined  with  a columnar 

Fig.  59. 


Diagram  representing  the  structure  of  the  human  small  intestine.  Two  villi  are 
represented.  In  the  one  on  the  left  the  bloodvessels  are  shown;  in  the  one  on  the 
right,  the  lymphatics.  The  line  S indicates  the  surface  of  the  mucous  membrane 
between  the  villi,  a,  central  lacteal  vessel;  5,  smooth  muscular  fibres  extending 
into  the  villus  from  the  muscularis  mucosa; ; c,  lymphadenoid  tissue  beneath  the 
epithelial  covering  of  the  villus ; d,  crypt  of  Lieberkvihn ; e,  tunica  propria  of  lymph- 
adenoid  tissue,  and  continuous  witli  that  of  the  villus ; /,  muscularis  mucosa?*  form- 
ing the  deepest  portion  of  the  mucous  membrane;  g,  submucosa  containing  the 
larger  bloodvessels  and  the  lymphatic  plexus,  h;  f,  encircling  layer  of  the  muscular 
coat ; j,  longitudinal  layer;  k,  lymphatic  plexus  within  the  muscular  coat;  I,  serous 
coat;  m,  vein.  The  crypts  are  lined,  and  the  villi  covered,  with  columnar  epi- 
thelium. (Bbhm,  Davicioff,  and  Mall,  slightly  modified.) 

epitlicliiiin  due  to  tlie  dipping  down  into  some  of  the  epithe- 
lium lining  the  free  surfaee  of  the  intestine.  These  glands  are 
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found  between  the  bases  of  the  villi  in  the  small  intestine 
and  also  in  the  large  intestine,  in  w 
somewhat  longer.  They  are  regnla 
ons  row  and  have  an  ampnlla-like  \ ^ 

The  glands  of  Brunner  are  s})ecial  secretory  structures  found 
in  the  dnodennm  and  first  part  of  the  jejunum.  These  are 
compound  tubular  or  racemose  glands  lying  in  the  snbrnncosa 
and  discharging  their  secretion  into  a long,  slender  duct 
which  opens  between  the  bases  of  the  villi.  Sometimes  these 
glands  are  also  found  in  the  pyloric  end  of  the  stomach. 
They  are  easily  recognized  because  of  their  ])osition  in  the 
snbmncosa,  and  their  ducts  pass  through  the  mnscnlaris 
mucosa.  The  cells  of  these  glands  are  composed  of  finely 
granular  cylindrical  epithelium,  and  the  extremities  of  the 
gland-tnbnles,  being  dilated,  resemble  alveolar  glands. 

The  submucous  coat  is  made  up  of  a loose  areolar  tissue, 
containing  the  larger  blood-  and  lymj)h-vessels,  the  nerve- 
plexus  of  Meissner,  and  lymphatic  glands.  These  lymphatic 
glands  are  of  two  kinds,  the  solitary  glands  and  the  agminated 
glands.  The  solitary  glands  are  isolated  lymph-follicles 
found  lying  in  the  submucosa  throughout  the  entire  intestine, 

but  most  numerous  near  the  ileoc^ecal  valve.  They  consist 

* 

of  a dense  reticular  tissue,  closely  filled  with  lymph-cells. 
They  have  no  ducts  and  communicate  with  the  lacteal  system 
through  the  aid  of  large  lymph-spaces  at  their  base,  which 
are  continuous  with  the  interspaces  of  the  retiform  tissue. 

The  agminated  glands^  or  Beyer’s  patches,  are  large  groups 
or  aggregations  of  lymph-follicles,  usually  oval  iu  outline, 
from  twenty  to  thirty  in  number,  from  a half  to  four  inches 
in  length,  and  situated  in  the  submucosa  of  the  intestine, 
especially  in  the  lower  part  of  the  ileum.  Their  free  surface 
is  usually  devoid  of  villi. 

The  muscular  coat  consists  of  a thick  inner  or  circular,  and 
a thinner  outer  or  longitudinal  layer  of  involuntary  muscle- 
fibre.  Between  these  is  the  nerve-plexus  of  Auerbach. 

The  fibroserous  coat  is  similar  to  the  same  laver  of  the 
stomach,  and  is  composed  of  fibroelastic  tissue  covered  with 
the  endothelial  cells  of  the  peritoneum. 


hich  latter  place  they  are 
rly  arranged  in  a continu- 
vudeniniT  of  their  lamina. 
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THE  LARGE  INTESTINE. 

The  large  intestine  consists  of  the  caecum,  colon,  and  rec- 
tum. It,  like  the  small  intestine,  has  four  coats,  the  glands 
of  Lieberkuhn,  and  the  solitary  follicles,  but  has  no  villi  or 
Peyer’s  patches. 

The  mucous  coat  is  raised  into  folds,  due  to  the  arrange- 
ment of  the  muscular  coat.  It  contains  the  crypts  of  Lieber- 
kiihn,  which  have  a large  lumen,  are  deeper,  more  numerous, 
and  more  abundantly  supplied  with  goblet-cells  for  the  secre- 
tion of  mucus  than  in  the  small  intestine. 

The  submucosa  is  the  same  as  in  the  small  intestine. 

The  muscular  coaty  consisting  of  two  layers,  has  a special 
arrangement.  The  longitudinal  fibres  are  arranged  in  three 
bundles,  which  are  shorter  than  the  real  length  of  intestine, 
thereby  causing  the  formation  of  pockets  in  the  intestine. 
The  circular  fibres  form  a continuous  layer,  and  in  the  lower 
end  of  the  rectum  form  the  internal  sphincter  ani. 

The  appendix  vermiformis  is  of  the  same  general  structure 
as  the  colon,  except  that  the  glands  of  Lieberkuhn  are  shorter 
and  not  so  numerous,  lymphoid  tissue  more  abundant,  and 
the  muscular  coat  well  developed.  The  relatively  large  num- 
ber of  solitary  lymph-follicles,  occasionally  forming  a contin- 
uous layer,  so  encroach  upon  the  glands  of  Lieberkuhn  that 
many  are  obliterated.  The  lymphoid  tissue  penetrates  into 
the  glands  and  causes  a very  close  admixture  of  epithelial 
and  adenoid  tissue.  (These  histological  conditions  may 
account  for  the  frequent  inflammation  of  this  structure.)  It 
is  especially  favored  with  a large  blood-supply  considering 
the  fact  that  it  is  an  organ  without  apparent  function. 

The  anus  has  a mucosa  of  stratified  squamous  epithelium 
in  place  of  the  columnar  type  which  lines  the  digestive  tract 
directly  above  it. 

The  blood-supply  to  the  large  intestine  is  abundant;  the 
vessels  entering  through  the  muscular  and  serous  coats,  break 
up  into  a cajallary  network  in  the  submucosa.  From  here 
small  capillaries  extend  to  and  surround  the  glands. 

The  lymphatics  of  the  intestine  begin  in  the  apex  of  the 
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villi  and  in  the  mucosa  around  the  villi,  and  from  here 
extend  to  the  siibmucosa,  where  plexuses  are  formed  which 
combine  to  form  large  lymph-vessels.  The  nerves,  as  in  the 
stomach,  are  arranged  to  form  the  plexuses  of  Ileissner  and 
of  Auerbach, 

QUESTIONS. 

What  are  mucous  membranes? 

Name  the  kinds  of  glauds. 

What  are  simple  tubular  glauds?  Compound? 

What  are  simple  saccular  glands?  Compound? 

Describe  the  coverings  of  the  mouth. 

From  what  embryonal  layer  is  the  epithelium  derived? 

Describe  the  muscle  of  the  tongue. 

Name  the  papillte  of  the  tongue. 

Where  are  the  taste-buds  found  ? 

Describe  the  tonsils. 

Name  the  parts  of  a tooth. 

Describe  dentine. 

What  is  pulp? 

Describe  the  enamel. 

From  what  embryonal  layers  are  the  teeth  developed  ? 

Describe  the  development  of  the  teeth. 

Name  the  coats  of  the  oesophagus. 

Describe  the  mucous  coat;  the  submucous;  the  muscular  ; the  fibrous. 

Into  what  two  parts  is  the  stomach  divided  for  consideration  ? 

Describe  the  mucous  coat. 

Describe  the  cardiac  glands. 

Describe  the  pyloric  glands.  What  points  of  difference  between  the  two? 
Describe  the  submucous,  the  muscular,  and  the  fibroserous  coats. 

Where  is  the  plexus  of  Meissner? 

Name  the  coats  of  the  small  intestine. 

What  are  the  valvulse  conniventes? 

Describe  the  villus. 

Where  are  the  glands  of  Lieberkiihn  situated  ? 

What  are  the  solitary  glands  ? 

Describe  Peyer’s  patches. 

Name  the  points  of  difference  between  the  large  and  small  intestine. 
Describe  the  anus. 


CHAPTER  VIII. 

THE  DIGESTIVE  ORGANS  (Continued). 

THE  LIVER. 

The  liver,  the  largest  gland  of  the  human  economy,  is  of 
the  compound  tubular  variety.  It  is  surrounded  or  enveloped 
by  a fibrous  tissue  called  GHsson’s  capsule. 
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GliHsori^s  capmle  is  a fibroekistic  tissue  investing  the  liver, 
and  covered  on  its  free  surface  by  endothelial  cells.  At  the 
transverse  fissure  Glissoif  s capsule  dips  down  into  and  enters 
into  the  formation  of  the  interlobular  Gonnective  tissue,  which 
forms  a wall  between  the  lobules  of  which  the  liver  is  com- 
posed. These  lobules  are  hexagonal  in  shape  and  are  sur- 
rounded by  the  interlobular  septa,  which  contain  the  larger 

Fig.  go. 


Diagram  of  portion  of  a lobule  of  the  liver:  a,  intralobular  vein,  receiving  intra- 
lobular capillaries ; b,  branches  of  portal  vein  ; c,  branches  of  hepatic  artery;  d,  bile- 
ducts  ; e,  lymph-vessel ; /,  liver-cells ; g,  junction  of  two  lobules.  (Dunham.) 

blood-  and  lymph-vessels  as  well  as  the  bile-ducts  and  nerves. 
Each  lobule  consists  of  a collection  of  secretory  cells — the 
hepatic  cells,  which,  due  to  pressure,  are  polyhedral  in  shape, 
and  have  either  one  or  more  nuclei  embedded  in  a granular 
proto])lasm.  The  cells  contain  the  coloring-matter  of  the  bile 
in  the  form  of  yellow  pigment-granules  and  also  oil-globules. 
The  character  of  the  ]irotoplasm  differs  according  to  whether 
digestion  is  going  on  or  not.  In  the  latter  case,  during  fasting, 
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the  cells  look  small  and  dense,  while  in  the  former  ease  they 
are  larger,  clearer,  and  have  along  the  periphery  a grannlar 
appearance.  They  are  arranged  in  irregular  rows,  resembling 
cords,  from  the  centre  of  the  lobule  to  the  periphery. 

Separating  these  various  rows  or  cords  of  cells  are  found 
spaces  tilled  on  one  side  by  capillary  bloodvessels,  while  a 
small  bile-duct  separates  them  on  the  other  side.  The  spaces 
between  the  cells  are  formed  l)y  grooves  in  the  angles  of  each 
cell  which  by  pressure  from  the  adjoining  cells  form  a com- 
plete canal.  The  small  bile-ducts  or  capillaries  formed  in 
the  above  manner  consist  of  two  rows  of  hepatic  cells,  and 
follow  the  direction  of  the  hepatic  cords  from  the  centre  to 
the  periphery  of  the  lobule,  where  they  form  a plexus  in  the 
interlobular  spaces.  The  bile- capillaries  have  no  distinct  wall 
of  their  own,  and  are  made  up  of  the  walls  of  the  cells 
between  which  they  pass.  They  begin  in  the  interior  of  the 
hepatic  cells  just  as  do  the  secretory  capillaries  in  the  parietal 
cells  of  the  fundus  of  the  stomach.  These  interlobular  ducts 
later  join,  forming  larger  vessels,  until,  finally,  they  are  sur- 
rounded by  Glisson’s  capsule,  and  form  the  hepatic  duct, 
which  leaves  the  liver  at  the  transverse  fissure.  As  the  ducts 
increase  in  size  so  does  the  epithelium  lining  them,  the  smaller 
having  a low  type,  while  the  larger  have  the  regular  columnar 
type  of  epithelial  cells.  Also  with  increase  in  diameter  do 
we  find  an  increase  in  construction  of  the  walls,  the  smaller 
ducts  having  nothing  more  than  a membrana  ])ropria,  while 
the  larger  have  a distinct  connective-tissue  covering,  some 
even  containing  involuntary  muscle-fibres. 

The  blood-supply  to  the  liver  is  derived  from  two  sources, 
the  hepatic  aiiery,  an  indirect  branch  of  the  abdominal  aorta, 
and  the  portal  vein,  the  latter  bringing  the  blood  containing 
the  })roducts  of  digestion  from  the  alimentary  canal.  This 
vein  plays  the  part  of  an  artery  in  the  liver  and  should  really 
be  considered  as  such,  because  its  blood  is  the  most  nutritious 
in  the  body.  The  hepatic  artery  is  much  smaller  than  the 
portal  vein,  and  has  only  to  supply  the  connective-tissue 
framework  of  the  liver,  while  the  portal  vein  is  the  main 
artery,  and  supplies  the  parenchyma  or  bulk  of  the  liver. 
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Both  enter  the  liver  at  the  transverse  fissure.  The  hepatic 
after  its  entranee  breaks  np  into  several  branches,  each 
of  which^  again  divides  and  ramifies  in  the  connective  tissue 
surrounding  the  portal  vein  and  hepatic  ducts,  and  also  in  the 
interlobular  septa,  where  it  forms  a plexus  to  supply  the  walls 


Vessels  and  bile-ducts  of  hepatic  lobule : a,  intralobular  vein ; h,  interlobular 
veins,  breaking  up  into  intralobular  capillaries ; c,  bile-duct  with  bile-capillaries 
(shown  only  at  periphery  of  lobule).  (Cadiat.) 


of  the  lobules.  The  portal  vein  takes  the  same  course  as 
the  hepatic  artery,  gradually  forming  an  interlobular  plexus 
between  the  lobules.  From  here  small  capillaries  pass  in 
between  the  cells  of  the  lobules,  radiating  toward  the  centre. 
Each  capillary  has  for  its  walls  the  hepatic  cells,  and  by  this 
arrangement  the  blood  in  passing  from  the  periphery  to  the 
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centre  bathes  a row  of  hepatic  cells  on  either  side,  and  allows 
the  cells  to  filter  the  bile  through  into  the  biliary  duct,  which 
is  separated  from  the  blood-capillary  by  only  a single  cell. 
When  these  capillaries  reach  the  centre  of  the  lobule  they 
empty  into  one  vein,  the  intralobular  vein.  To  understand  tliis 
better,  the  lobule  should  be  considered  as  a cylinder,  with 
a core  in  the  centre,  the  intralobular  vein.  This  vein,  after 
receiving  the  above  blood,  empties  into  the  suhlohulav  vein 
found  at  the  base  of  the  lobule.  The  sublobular  veins  unite 
to  form  the  radicals  of  the  hepatic  veins,  which  finally  unite 
to  form  three  trunks,  emptying  into  the  vena  cava.  In  the 
connective  tissue  between  the  lobules  we  find  the  portal  canals, 
made  up  of  the  interlobular  bile-ducts,  the  hepatic  artery,  the 
portal  vein,  and  a lymph-vessel,  all  enclosed  in  areolar  tissue. 

The  lymph-vessels  accompany  the  portal  vein  and  hepatic 
artery  and  form  a plexus  in  the  capsule  of  the  liver,  sending 
branches  into  the  interlobular  connective  tissue.  Fine  lymph- 
vessels  extend  from  between  the  lobules  along  with  and 
surrounded  by  the  intralobular  capillaries  and  form  lymph- 
spaces. 

The  nerves  of  the  liver  are  brandies  from  the  lymphatic  sys- 
tem, and  are  probably  from  ganglia  situated  outside  of  this 
organ.  They  form  plexuses  in  the  interlobular  connective 
tissue  around  the  bloodvessels  and  bile-passages,  and  are  in 
every  respect  like  the  vascular  nerves  in  other  organs. 

The  gall-bladder  and  its  cystic  duct  are  composed  of  a 
serous.  Jib roinuscular,  and  a mucous  coat. 

The  mucous  coat  is  covered  with  a single  layer  of  columnar 
epithelium  containing  many  mucous  glands  and  is  raised  into 
rugje.  There  are  no  goblet-cells  present. 

The  Jtbromuscular  coat  contains  plain  muscle-fibres  with 
dense  fibrous  tissue.  Some  authors  claim  that  there  are  three 
definite  layers  of  muscle  in  the  bladder  wall.  In  this  coat 
are  present  solitary  lym]>h-follicles  and  many  blood-  and 
lymph-vessels. 

The  serous  coat  is  covered  with  the  endothelial  cells  of  the 
])eritoneum,  being  continuous  with  that  covering  the  external 
surface  of  Glisson’s  capsule. 
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THE  SALIVARY  GLANDS. 

The  principal  salivarif  glands,  three  in  number,  are  the 
parotid,  the  subUngiud , and  the  submaxillary , named  accord- 
ing to  their  situation.  They  are  classified  according  to  their 
secretions,  as  serous,  mucous,  and  mixed  glands.  These  glands 
are  all  of  the  tubular  type  and  tlieir  ducts  open  into  the 
cavity  of  the  mouth. 

The  parotid,  the  largest  of  the  three,  is  a compound  race- 
mose gland  surrounded  by  a fibrous  capsule,  from  which 
dense  connective  tissue  extends  into  the  same,  dividing  it 
into  lobes  which  are  subdivided  into  lobules,  and  these  into 
groups  of  cellular  glands  called  acini.  The  acini  are  lined 
with  a single  layer  of  irregular  glandular  epithelium  resting 
upon  a basement-membrane.  These  cells  just  before  dis- 
charging their  secretion  appear  large,  clear,  and  granular  with 
a rounded  centrally  placed  nucleus,  but  after  emptying  their 
secretion  are  small  and  dark. 

Between  the  cells  are  narrow  spaces  marking  the  begin- 
ning of  the  excretory  duct  of  Stenson.  This  large  excretory 
channel  is  lined  with  a single  layer  of  low  columnar  epithe- 
lium surrounded  by  a thick  wall  of  fibroelastic  tissue.  As 
this  duct  diminishes  in  size  the  columnar  cells  gradually 
become  elongated  and  a striated  zone  appears  on  the  outer 
margin  of  the  cells.  As  the  ducts  continue  to  diminish  in 
diameter,  tlie  epithelium  changes  to  a low,  flat  cell  which 
finally  passes  into  the  cells  lining  the  acini.  This  is  a typical 
serous  gland  and  secretes  a thin  albuminous  fluid. 

The  sublingual,  the  smallest  of  the  three,  is  a mucous  gland 
and  secretes  a thick,  viscid  fluid.  The  acini  are  larger  than 
in  the  serous  glands  and  are  lined  with  spheroidal  cells  having 
a clear  translucent  protoplasm  when  filled  with  mucus.  The 
nuclei  are  flat  and  placed  next  to  the  basement-membrane. 
Quite  often  half-moon-shaped  groups  of  cells  having  a gran- 
ular ])roto})lasm  and  placed  immediately  next  to  the  basement- 
meml)rane  at  the  periphery  of  the  acini  are  found.  These 
are  the  demilunes  of  Tleidenhain  and  are  supposed  to  be  of  the 
serous  type.  The  excretory  duct  of  the  sublingual  gland  is 


THE  SALIVARY  GLANDS. 


91 


the  duct  of  Bartholin,  and  is  similar  in  structure  to  Stenson’s 
duct  of  the  parotid  gland. 

The  submaxillary  is  a inucoserons  or  mixed  gland  possess- 
iiio^  some  of  the  characteristics  of  both  the  m neons  and  serous 
types.  The  excretory  channel  or  the  duct  of  Wharton,  resem- 
bles the  duct  of  the  parotid  gland,  its  wall,  however,  having 
a thin  layer  of  longitudinal  muscle-tihres  externally. 

The  blood-supply  of  the  salivary  glands  is  very  ahnndant, 
the  vessels  entering  along  with  the  excretory  ducts  and  giving 


Fig.  62. 


Mucous  alveoli  from  submaxillary  gland,  showing  mucinogenous  cells  and  demi- 
lunes of  Heidenhain.  (Ranvier.) 


olf  branches  within  the  interlobular  septa.  These  branches 
form  a capillary  network  in  the  basement-membrane  and  sur- 
round the  acini,  lying  next  to  the  secretory  cells. 

The  lymph-vessels  are  arranged  in  a like  manner.  The 
nerve-trunks  enter  with  the  bloodvessels  and  consist  of 
medullated  and  non-medullated  fibres.  They  gradually  break 
lip  into  smaller  bundles  until  they  reach  the  acini.  These 
they  surround  in  the  form  of  a jilexus,  and  from  here  small 
branches  enter  the  secretory  cells  after  having  penetrated  the 
basement-membrane. 
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THE  PANCREAS. 

The  pancreas  lias  been  called  “ the  abdominal  salivary 
gland  as  its  secretion  is  of  the  same  type — serous — as  that 
of  the  parotid  gland.  It  is  a compound  acinotubnlar  gland, 
and  is  divided  into  lobes  and  lobules  by  a connective-tissue 
framework,  the  whole  being  invested  by  a connective-tissue 
capsule. 


Fig.  63. 


Portion  of  pancreas : a,  large  duct ; h,  beginning  ducts ; c,  d,  e,  secreting  alveoli ; 
g,  sustentacular  connective  tissue.  (Bohm  and  Davidoif.) 

The  pano'eatic  duct^  or  duct  of  Wirsung,  is  lined  with  a sin- 
gle layer  of  columnar  cells  surrounded  by  fibrous  connective 
tissue.  After  entering  the  gland  it  breaks  up  into  several 
tubules ; its  lining  epithelium  also  gradually  changing  until 
the  acini  are  reached.  Here  the  epithelium  consists  of  thin 
columnar  cells  containing  highly  refractive  granules  called 
zymogen  granules,  next  to  the  lumen  of  the  acini,  while  the 
outer  half  of  the  cell  contains  the  nucleus  in  a clear  proto- 
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plasm.  The  relation  between  tliese  zones  (le])ends  on  the 
amount  of  secretion  contained  in  the  cell.  Just  prior  to 
digestion  the  clear  zone  is  the  greater,  while  during  and  after 
digestion  the  granular  zone  is  in  excess.  Kound  or  oval  areas, 
the  bodies  of  Lam/erhans,  wliich  are  undeveloped  acini,  appear 
throughout  the  gland.  They  are  richly  supplied  with  capil- 
lary bloodvessels,  and  are  most  numerous  in  the  splenic  end  of 
the  pancreas  and  situated  in  the  centre  of  each  lobule.  As  they 
have  no  ducts,  it  is  probable  that  they  are  concerned  with 
the  internal  secretion  of  the  gland.  Some  authors  (Opie) 
suppose  that  they  are  concerned  with  the  control  of  the  stor- 
ing up  and  excretion  of  sugar.  The  bloodvessels,  as  well  as 
the  lymphatics  and  nerves,  are  distributed  throughout  the 
pancreas  very  similarly  to  the  distribution  of  same  in  the 
parotid  gland. 

DEVELOPMENT  OF  THE  DIGESTIVE  ORGANS. 

The  organs  of  digestion  originate  from  all  three  layers  of 
the  blastoderm,  but  the  entoderm  and  mesoderm  furnish  the 
greater  part.  The  epithelium  of  the  entire  tract  and  of  the 
glands  connected  with  the  same  is  derived  from  the  entoderm, 
with  the  exception  of  the  oral  cavity  and  the  anus,  which 
derive  their  lining  membrane  from  the  ectoderm.  The  con- 
nective and  muscle  tissue  are  from  the  mesoderm.  The 
primary  gut  is  formed  by  the  folding  off  and  closing  together 
of  the  ventral  body-plates.  The  tube  thus  formed  is  se]>arated 
from  the  oral  cavity  by  a partition,  the  pharyngeal  plaie^ 
dividing  these  ectodermic  and  entodermic  structures.  A 
similar  process  takes  place  at  the  anus.  These  plates  later 
rupture  and  complete  the  tract.  The  tube  begins  to  divide 
into  separate  organs  about  the  fourth  week  in  the  human 
embryo;  the  stomach  being  first  formed,  due  to  a dilatation 
of  a portion  of  this  primary  gut,  followed  by  a proliferation 
of  the  entodermic  cells  and  the  formation  of  the  peptic  and 
pyloric  glands.  The  mesoderm  also  increases  and  two  layers, 
the  submucosa  and  muscular  coats,  are  formed.  Next  the 
intestinal  villi  and  glands  are  formed  from  the  entoderm  in 
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that  portion  destined  to  become  the  intestine.  Villi  appear 
in  both  large  and  small  intestine,  but  those  in  the  large  intes- 
tine soon  atrophy,  while  those  in  the  small  intestine  increase 
in  size.  Entodermic  or  ectodermic  projections  are  sent  into 
the  surrounding  mesoderm,  whose  cells  proliferate  rapidly  and 
form  the  primary  glands,  such  as  the  salivary  glands,  pancreas, 
and  liver. 

The  liver  makes  its  appearance  as  a ventral  longitudinal 
outgrowth  of  the  endodermal  epithelium  of  the  intestine  as  a 
solid  mass  into  the  substance  of  a horizontal  shelf,  the  sej)tum 
transversum,  which  is  attached  to  the  ventral  wall  of  the 
body. 

The  gall-bladder  is  also  formed  from  part  of  the  original 
outgrowth,  and  later  constrictions  appear  separating  the 
organs  from  the  intestine,  until  they  are  united  only  by  the 
ductus  communis  choledochus.  Later  the  pancreas  appears 
as  three  sej)arate  outgrowths,  extending  from  the  duodenum 
into  the  primitive  mesentery.  The  pancreas  at  first  lies  par- 
allel to  the  lonff  axis  of  the  bodv  and  afterward  becomes 
transversely  situated. 

The  connective  tissue,  which  forms  the  division  between  the 
lobules,  is  derived  from  an  ingrowth  of  the  surrounded  meso- 
derm. The  endothelial  cells  covering  the  fibroserous  surfaces 
of  the  intestinal  tract  are  derived  from  the  mesothelium, 
which  is  differentiated  mesoderm. 

QUESTIONS. 

What  kind  of  organ  is  the  liver? 

WTiat  divides  the  liver  into  lobes  and  lobules? 

Describe  a lobule. 

Describe  a liver-cell.  How  are  liver-cells  arranged? 

Where  is  the  bile-duct  situated  ? 

Name  the  two  sources  of  blood-supply  to  the  liver. 

Give  the  course  of  the  portal  vein. 

Describe  the  structure  of  the  bile-ducts. 

Describe  Glisson’s  capsule. 

Describe  the  structure  of  the  gall-bladder. 

Name  the  salivary  glands. 

Describe  the  parotid  gland,  the  sublingual  gland,  and  the  submaxillary 
gland. 

Which  are  mucous  and  which  serous  glands? 

What  are  the  demilunes  of  Heidenhain  ? 
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What  kind  of  gland  is  the  pancreas?  Describe  its  acini. 

What  are  the  bodies  of  Langerhans  ? 

How  does  the  pancreas  differ  in  structure  from  the  parotid  gland? 

Describe  the  structure  of  the  pancreatic  duct. 

What  parts  of  the  alimentary  canal  are  derived  from  each  layer  of  the 
blastoderm. 

Describe  the  primitive  gut,  and  tell  how  the  parts  are  separated. 

Whence  is  the  endothelium  derived  ? 


CHAPTER  IX. 

THE  URINARY  ORGANS. 

THE  KIDNEY. 

The  kidney  is  a compound  tubular  gland  covered  with  a 
fibrous  capsule  and  composed  of  ywraniidal  shaped  lobules. 
This  fibrous  capsule  covering  the  kidney  is  made  up  of  dense 
fibrous  tissue.  Beneath  this  is  found  a network  of  unstriped 
muscle-fibre  covering  the  entire  organ.  Upon  longitudinal 
section  the  parenchyma  or  secretory  portion  of  the  kidney  is 
seen  to  be  composed  of  two  regions,  the  outer  cordex,  a gran- 
ular zone  occupying  about  one-third  of  the  gland,  and  the 
medulla  occupying  the  inner  two-thirds.  The  medulla  is 
coni]wsed  of  from  8 to  18  pyramidal  bodies,  each  having  a 
papillary  eminence  projecting  into  the  pelvis  or  sinus  of  the 
kidney,  while  their  base  is  the  meeting-point  between  medulla 
and  cortex.  These  are  the  Malpighian  pyramids  and  are 
made  up  of  uriniferous  tubules  and  bloodvessels. 

The  light  and  dark  striations  in  the  pyramids  are  due  to 
the  alternate  uriniferous  tubules  and  bloodvessels.  The 
masses  of  renal  tissue  separating  the  pyramids  which  convey 
the  blood-  and  lymph-vessels  as  well  as  nerves  are  known  as 
the  columns  of  Bertini.  Occasionally  the  striations  of  the 
pyramids  extend  into  the  cortical  portion,  consisting  of 
straight  tubules  arranged  in  conical  masses,  their  apices 
pointing  toward  the  periphery  and  bases  toward  the  medul- 
lary portion.  These  formations  are  known  as  the  pyramids 
of  Ferrein,  or  the  medullary  rays.  The  space  between  the 
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medullary  rays  is  known  as  the  labyrinth  containing  the  con- 
voluted tnbnies.  The  arrangement  of  tlie  nriniferons  tubules 
which  constitute  the  bulk  of  the  gland  or  organ  are  best 
understood  by  tracing  their  course  from  the  beginning  of  the 
secretion  of  the  urine,  along  the  various  passages  or  tubes 


Fig.  64. 


Vertical  section  of  kidney.  (Gray.) 


until  it  is  poured  into  tlie  renal  pelvis  through  the  openings 
found  in  the  apices  of  the  renal  papillte. 

A complete  uriniferous  tubule  is  made  up  of  the  following 
parts,  namely,  the  Malpigliian  body  or  glomerulus,  the  prox- 
imal convoluted  tubule,  the  spiral  tubule,  the  descending 
Henle^s  tubule,  Henle’s  loop,  the  ascending  Henle’s  tubule. 
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Fig.  65. 


Diagrammatic  representation  of  uriniferons  tubules  : A,  cortex  of  kidney ; B, 
boundary  zone,  and  C\  papillary  portion  of  Malpighian  pyramid ; a,  subcapsular 
portion,  and  a',  inner  portion  of  cortex  destitute  of  Malpighian  bodies;  1,  Mal- 
pighian body,  capsule  of  Bowman,  and  glomerulus ; 2,  neck ; 3,  proximal  convoluted 
tubule ; 4,  spiral  tubule  ; 5,  descending  limb  of  Ilenle’s  loop  ; 6,  Ilenle’s  loop ; 7,  8,  9j 
ascending  limb  of  Henle’s  loop;  10,  irregular  tubule;  11,  distal  convoluted  tubule; 
12,  curved  tubule ; 13, 14,  collecting  tubule.  (Klein.) 

7 — His. 
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the  irregular  tubule,  the  distal  convoluted  tubule,  the  arched 
coilectiug  tubule,  and  the  straight  collecting  tubule.  The 
secreting  portion  of  the  tubules  is  contained  within  the  cortex, 
while  those  portions  of  the  tubules  within  the  medulla  form 
the  excretory  system.  These  latter  tubules  terminate  at  the 
apices  of  the  medullary  pyramids. 

The  Malpighian  bodies  are  found  in  the  labyrinth  of  the 
cortex,  and  each  is  composed  of  a spherical  mass  of  capillary 
bloodvessels  surrounded  by  a membranous  capsule  of  endo- 
thelial cells.  They  average  about  iiich  in  diameter.  The 
mass  of  capillaries  is  known  as  the  Malpighian  tuft,  while  the 
capsule  of  Bowman  surrounding  them  is  the  expanded  begin- 
ning of  a uriniferous  tubule.  The  Malpighian  tuft  or 
glomerulus  is  a network  of  bloodvessels  held  together  by  a 
delicate  connective  tissue  and  grouped  into  several  small 
lobes,  the  capillaries  coming  from  the  arterial  afferent  vessel 
which  enters  the  capsule  opposite  to  the  beginning  of  the 
uriniferous  tubule,  and  from  the  venous  or  efferent  vessel, 
which  leaves  at  the  same  point.  This  point  is  known  as  the 
stalk  of  the  glomerulus.  The  watery  portion  of  the  urine  is 
supposed  to  be  secreted  or  excreted  by  the  glomerulus,  while 
the  solid  substances  are  excreted  later  on  by  the  cells  lining 
the  tubules,  especially  the  convoluted  tubules.  The  urinifer- 
ous tubules  having  their  beginning  in  the  Malpighian  bodies 
show  manv  chanws  in  their  course  throimh  the  cortex  and 

O O 

medulla  of  the  kidney.  At  the  beginning  where  the  tubule 
joins  the  Malpighian  body  occurs  a constriction  known  as 
the  neck,  and  here  the  flattened  epithelium  of  Bowman’s  cap- 
sule changes  into  cells  of  a columnar  or  cuboidal  type. 

The  proximal  convoluted  tubule  is  the  next  portion  to  the 
neck  and  is  lined  with  columnar  or  cuboidal  cells.  These  cells 
contain  rod-like  fibres,  running  perpendicular  to  the  base- 
ment-membrane, causing  a striated  appearance.  Their  pro- 
toplasm is  either  granular  or  clear,  dej>ending  upon  stage  of 
secretion. 

The  diameter  of  the  proximal  and  distal  portions  of  the  con- 
voluted tubules  is  greater  than  that  of  the  other  portions  of 
the  uriniferous  tubules.  These  two  ^segments  of  the  convo- 
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luted  tubules  are  both  situated  in  the  iuterpyrainidal  portion 
of  the  cortex  or  in  the  labyrinth.  The  tubule  now  turns 
downward  toward  the  medullary  j)ortiou,  taking  a spiral 
course.  This  spiral  tubule  is  similar  to  the  proximal  convo- 
luted tubule,  but  the  striations  in  the  cells  are  not  so  marked. 


Fig.  GG. 


Sketch  of  Malpighian  body : a,  interlobular  artery ; 6,  afferent  vessel ; c,  capillary; 
d,  capsule  of  Bowman  ; e,  cavity  of  the  capsule ; /,  beginning  of  proximal  convoluted 
tubule ; g,  portions  of  convoluted  tubules.  (Dunham.) 

The  tubules  now  enter  the  medullary  portion,  become 
smaller  in  calibre  and  straight  in  their  course,  forming  the 
descending  Henle’s  tubule.  The  lining  epithelium  is  com])osed 
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of  flattened,  transparent  plates,  with 
large  nuclei.  These  nuclei,  being 
very  prominent  and  due  to  the  ar- 
rangement of  the  cells,  give  a wavy 
appearance  to  the  lumen  of  the  tub- 
ule. Just  before  the  tubules  bend 
upon  themselves  to  form  the  loop  of 
llenle  the  cells  change  to  a polyhe- 
dral form  and  fine  striations  appear; 
the  lumen  also  enlarges  and  the  tube 
now  takes  an  u])ward  course  toward 
the  cortex.  This  is  the  ascending 
Henle's  tubule , and  is  lined  with  poly- 
hedral cells  having  fine  striations  and 
a nucleus  placed  near  the  lumen  of  the 
tube. 

Jdie  irregular  tubule  is  the  next  por- 
tion. It  is  lined  with  angular  cells 
having  the  most  distinct  striations  of 
any  cells  lining  the  tubules.  Its  lumen 
is  very  irregular  and  small. 

The  distal  convoluted  tubule  is  lined 
with  the  same  columnar  epithelium, 
with  its  characteristic  striations,  as  in 
the  proximal  end. 

Following  this  distal  convolution 
comes  the  arched  collecting  tubule  with 
its  low  transparent cuboidal  cells,  which 
also  line  the  straight  collecting  tubides. 
These  cells  gradually  change  as  the 
tubes  widen,  and  as  they  reach  the  me- 
dulla form  the  large  tubes  of  Bellini. 

The  bloodvessels  of  the  kidney  are 
branches  of  the  renal  artery,  which 
enters  at  the  hilnm,  and  after  giving 


Course  of  bloodvessels  in  the  kidney:  a,  interlobular  artery  ; b,  interlobular  vein  ; 
c.  Malpighian  body,  with  afferent  and  efferent  vessels  and  glomerulus;  d,  stellate 
vein;  e,  arterise  rectse;  /,  venae  rectae  ; g,  capillaries  about  mouths  of  oultet-ducts. 
(Ludwig.) 
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oil*  several  branches  to  supply  nutrition  to  the  structures  of 
the  renal  pelvis,  divides  into  a number  of  large  branches  which 
penetrate  the  glandular  tissue  along  the  columns  of  Bertini, 
between  the  Malpighian  pyramids.  Some  authors  claim  that 
about  three-fourths  of  the  blood  entering  the  hilnm  of  tlie  kid- 
ney,  by  four  or  live  arterial  branches,  flows  through  the  ante- 
rior subdivisions,  while  about  one-fonrth  flows  through  the 
posterior  divisions.  There  is  no  anastomosis  between  the  large 
anterior  and  posterior  arteries,  thus  making  a comparatively 
non-vascular  zone,  which  fact  Brodel  has  noted  for  surgical 
consideration.  When  they  reach  the  base  of  the  pyramid,  at 
the  junction  of  the  cortex  and  medulla,  they  bend  in  their 
course,  forming  arches  from  which  two  sets  of  branches  are 
given  off,  namely,  the  interlobular  arteries  and  the  arterice  rectoe. 
The  arterice  recUe  are  short  vessels  supplying  the  Malpighian 
pyramids,  entering  at  their  base  and  forming  a capillary  net- 
work around  the  collecting  tubules.  The  interlobular  arte- 
ries enter  the  cortex,  passing  between  the  pyramids  of  Fer- 
rein  and  going  directly  to  the  periphery,  where  they  form  a 
capillary  network  beneath  the  capsule.  In  their  course  to 
the  periphery  they  give  off  lateral  branches,  which  are  the 
afferent  vessels  to  the  Malpighian  tufts.  After  leaving  the 
tufts  by  the  efferent  vessels  they  break  up  into  a capillary 
network  surrounding  the  tubules  of  the  labvrinth  and  the 
medullary  rays. 

Veins. — This  blood  is  now  collected  by  the  interlobular 
veins,  which  also  receive  venous  blood  from  the  network  of 
veins  beneath  the  capsule,  known  as  the  stellate  veins.  The 
vence  rectoe  gather  up  the  blood  carried  to  the  medulla  and 
follow  the  course  of  the  arteries.  Later,  by  anastomosing  with 
the  interlobular  veins,  they  run  the  same  course  with  the 
arteries,  down  between  the  pyramids  until  they  reach  the 
sinus,  where  they  all  combine  to  form  the  renal  veins,  which 
leave  the  kidney  at  the  hilnm. 

A superficial  and  a deep  set  of  lymphatics  terminating  in 
the  lumbar  plexus  are  found  in  the  kidney,  and  lymphatic 
spaces  are  found  forming  an  anastomosis  between  the  two 
plexuses. 
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As  far  as  the  ultimate  termination  of  the  nerves^  which  are 
of  the  noii-mcclullated  variety  and  which  follow  the  blood- 
vessels to  the  tubules,  little  is  known.  They  are  supposed  to 
form  plexuses  around  the  uriniferous  tubules,  and  penetrate 
the  membrana  propria,  ending  in  knob-like  thickenings  on 
the  surface  of  the  epithelial  cells. 

The  of  the  kidney  is^  the  dilated  upper  part  of  the 

ureter,  and  occupies  the  greater  part  of  the  renal  sinus. 

The  ureter  is  the  excretory  duct  of  the  kidney,  extending 
from  the  bladder,  and  beginning  as  the  j)elvis,  which  is  divided 
into  a number  of  short  truncated  branches,  the  calices  or 
cups. 

The  calices  have  projecting  into  them  the  papillae  of  the 
Malpighian  pyramids.  The  pelvis  and  ureter  j)roper  are 
composed  of  three  coats,  the  mucous,  the  muscular,  and  the 
fibrous. 

The  mucous  coat  consists  of  stratified  squamous  epithelium 
often  termed  transitional  because  of  the  rapid  change  from 
the  columnar  cells  of  the  deeper  layer  to  the  flat  cells  on  the 
surface.  This  epithelium  rests  upon  a basement-membrane 
of  fibrocdastic  tissue  and  which  also  separates  it  from  the 
muscular  coat.  The  cells  of  transitional  epithelium  differ  in 
the  various  layers.  The  outer  layer  is  made  up  of  large 
flattened  cuboidal  cells,  with  processes  extending  between  the 
neiirhborimr  cells  and  often  with  more  than  one  nucleus.  The 
middle  laver  of  cells  is  cylindrical  or  ])olygonal,  while  the 
deepest  laver  is  composed  of  small  cubical  or  oval  cells. 

The  muscular  coat  of  the  pelvis  has  an  inner  longitudinal 
and  an  outer  circular  layer  of  involuntary  muscle-fibres, 
while  this  same  coat  in  the  ureter  proper  has  an  additional 
layer  of  longitudinal  fibres  external  to  the  circular  layer. 

The  fibrous  coat  is  the  outer  and  consists  of  dense  fibrous 
tissue,  being  continuous  with  the  fibrous  capsule  surrounding 
the  kidnev.  The  blood-  and  h/mph-vessels  lie  in  the  tunica 
]iro])ria  in  a ca])illary  network,  while  the  nerves  are  principally 
confined  to  the  muscular  coat  with  a few  fibres  to  the  epi- 
thelium. 


THE  BLADDER. 
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THE  BLADDER. 

The  bladder j like  the  ureter,  has  three  coats  making  up  its 
walls,  namely,  the  the  muscular^  and  i\\e  jib  roan,  with 

an  additional  covering  on  its  posterior  and  superior  surfaces, 
which  is  the  se?'ous  coat  and  is  formed  by  a reflected  portion 
of  the  peritoneum. 

The  mucous  coat  is  continuous  with  that  lining  the  ureters, 
being  composed  of  the  same  stratified  scpiamous  or  transitional 
epithelium,  and  is  loosely  connected  with  the  muscular  coat 
by  a layer  of  areolar  tissue.  When  the  bladder  is  empty,  it 


Fig.  68. 


Transitional  epithelium,  bladder  of  mouse.  (Dogiel.) 


is  thrown  into  folds.  At  the  base  of  the  bladder  a few  small 
racemose  glands  and  lymphatics  are  found. 

The  muscular  coat  consists  of  three  layers  of  involuntary 
muscle-fibre,  an  outer  longitudinal,  a middle  circular,  and 
an  inner  longitudinal  layer.  The  circular  layers  increase  in 
thickness  toward  the  base  of  the  bladder  and  here  form  the 
.S' ph  incte  r vesicce . 

The  fibrous  coat  is  a thin  layer  composed  of  areolar  tissue. 
The  bloodvessels  and  lymphatics  are  abundantly  distributed 
throughout  the  walls  of  the  bladder.  The  nerves  are  mostly 
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sympathetic  filaments,  both  medullated  and  non-medallated  ; 
small  ganglia  are  found  along  the  course  of  these  nerves. 

THE  URETHRA. 

The  urethra  of  both  the  male  and  female  is  composed  of 
the  same  three  coats  as  the  bladder,  namely,  the  muoouSj  the 
muscular j and  the  fibrous. 

The  female  urethra  is  lined  with  transitional  epithelium, 
like  the  bladder,  in  the  upper  part,  but  lower  down  becomes 
a single  or  double  layer  of  columnar  cells,  and  finally  at  the 
lower  or  external  end  becomes  stratified  pavement  epithelium. 
Tlie  mucous  membrane  is  elevated  into  papillae  due  to  the 
projection  of  tunica  propria,  especially  in  the  region  of  the 
meatus.  These  papillae,  as  well  as  the  remainder  of  the 
urethra,  are  covered  with  stratified  pavement  epithelium.  A 
few  mucous  follicles  are  found  surroundino;  its  external  orifice. 
The  mucosa  has  a rich  supply  of  bloodvessels,  the  veins 
forming  a thick  plexus  in  the  submucosa. 

The  muscular  coat  is  a thick  tunic  composed  of  an  inner 
longitudinal  and  an  outer  circular  layer  of  involuntary 
muscle-fibres.  In  the  upper  portion  of  the  urethra,  outside 
the  circular  layer  of  muscle-fibres,  are  strands  of  striated 
muscle-fibres,  which  form  the  musculus  compressor  urethrae. 

The  fibrous  coat  consists  of  bundles  of  fibroelastic  tissue, 
containing  a few  lyni])hoid  cells. 

The  male  urethra  is  lined  with  different  types  of  epithe- 
lium, varying  with  the  different  portions  of  this  canal.  In 
the  prostatic  portion  is  found  the  stratified  squamous,  in  the 
membranous  the  stratified  columnar,  and  lastly  in  the  jmnile 
is  the  simple  columnar  epithelium. 

The  fossa  navicularis  is  lined  with  epithelium  of  the  same 
type  as  that  covering  the  c/lans  penis,  namely,  stratified  squa- 
mous epithelium.  The  small  racemose  glands  of  Littre  are 
found  throughout  the  male  urethra,  especially  in  the  spongy 
or  ])enile  portion. 

The  muscular  coat  is  arranged  the  same  as  in  the  female 
urethra.  In  the  anterior  part  of  the  penile  portion,  however. 
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this  layer  is  not  found,  illood-  and  lymph-vessels  as  well  as 
nerves  are  quite  numerous  in  the  urethra,  being  found  espe- 
cially beneath  the  mucous  coat. 

DEVELOPMENT  OF  THE  URINARY  ORGANS. 

All  these  structures  are  of  mesodermic  origin,  with  the 
exception  of  the  epithelium  of  the  bladder  and  urethra,  which 


Fig.  69. 


Diagram  of  the  primitive  urogenital  organs  in  the  embryo  previous  to  sexual 
distinction.  The  parts  are  shown  chiefly  in  profile,  but  the  Mullerian  and  Wolffian 
ducts  are  seen  from  ihe  front.  3.  Ureter.  4.  Urinary  bladder.  5.  Urachus,  ot,  The 
mass  of  blastema  from  which  ovary  or  testicle  is  afterward  formed ; lU,  left  Wolffian 
body ; w,  w,  right  and  left  Wolffian  ducts ; m,  m,  right  and  left  Mullerian  ducts 
uniting  together  and  with  the  Wolffian  ducts  in  gc,  the  genital  cord  ; vg,  sinus  uro- 
genitalis ; i,  lower  part  of  the  intestine ; cl,  common  opening  of  the  intestine  and 
urogenital  sinus ; cp,  elevation  which  becomes  clitoris  or  penis  ; Is,  ridge  from  which 
the  labia  majora  or  scrotum  are  formed.  (Gray.) 


are  entoderm ic.  The  permanent  kidney  is  preceded  by  the 
Wolffian  body  in  the  embryo. 

The  Wolffian  body,  as  well  as  its  duct  which  carries  its 
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secretions  into  the  intestinal  canal,  are  embryonic  structures 
arising  from  the  mesoderm^  which  lines  the  body  cavity. 
These  outgrowths  form  tubes  from  which  secondary  tubules 
arise,  the  whole  forming  the  Wolffian  body.  The  Wolffian 
body  is  com])osed  of  a long  tube,  the  Wolffian  dud,  extending 
parallel  to  the  vertebral  axis  in  the  lower  part  of  the  body- 
cavity,  and  the  transverse  Wolffian  tubules,  attached  to  the 
duct  at  right  angles.  A tube  known  as  tlie  p7'imitive  kidney 
tube  grows  out  from  the  dorsal  surface  of  the  Wolffian  duct. 
This  tube  grows  up  until  it  reaches  the  posterior  part  of  the 
Wolffian  body,  where  it  expands  and  later  divides  into  a 
number  of  tubular  compartments.  This  part  later  becomes 
the  pelvis  of  the  kidney  and  the  uriniferous  tubules,  while  the 
unexpanded  portion  becomes  the  ureter.  Thus  the  permanent 
kidney  is  developed  as  a growth  of  the  primitive  ureter, 
posterior  and  dorsal  to  the  Wolffian  body.  The  connective 
tissue  and  bloodvessels,  which  enter  into  the  formation  of  the 
kidney  and  ureter,  are  derived  from  the  surrounding  meso- 
dermic  tissue,  which  early  begins  to  form  the  fibrous  capsule, 
limits  the  outward  growth  of  the  kidney  tubules,  thus  making 
those  of  the  cortex  convoluted,  and  at  the  extremities  of  these 
tubules  develops  a l)unch  of  capillary  bloodvessels  to  make 
the  glomeruli. 

The  bladder  is  derived  from  the  allantois,  which  is  an 
outgrowth  from  the  primary  gut.  Its  epithelium  is  of  ento- 
dermic  origin.  The  urethra  in  the  female  is  also  a remains 
of  the  allantois,  while  that  in  the  male  is  developed  from  the 
allantois  and  also  from  the  closed  urogenital  sinus. 

QUESTIONS. 

What  type  of  gland  is  the  kidney? 

What  is  the  cortex?  The  medulla? 

What  are  the  columns  of  Bertini? 

Describe  the  medullary  rays  and  the  labyrinth. 

Name  the  parts  of  a uriniferous  tubule. 

Describe  the  Mal])ighian  bodies. 

Of  what  is  Bowman’s  capsule  composed? 

Describe  the  cells  of  the  proximal  convoluted  tubule. 

Describe  the  descending  limb  of  Henle. 

How  does  the  epithelium  differ  in  the  ascending  limb  of  Henle? 

Describe  the  epithelium  of  the  collecting  tubules. 
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What  are  the  large  tubes  of  Bellini  ? 

What  is  the  blood-supply  to  the  kidney? 

Where  are  the  arches  found? 

What  are  the  two  sets  of  branches  from  the  arches? 

Trace  the  blood  which  goes  to  the  glomerulus. 

What  is  the  pelvis  of  the  kidney  ? What  are  its  divisions  called  ? 
What  empties  into  the  calices? 

Name  the  c.oats  of  the  pelvis  and  ureter.  Describe  the  mucous  coat. 
What  are  the  coats  of  the  bladder  wall  ? 

What  portion  does  the  serous  coat  cover  ? 

Describe  the  muscular  coat. 

Describe  the  female  urethra. 

Name  the  kinds  of  epithelium  found  in  the  male  urethra. 

Describe  the  glands  of  Littre,  and  tell  where  they  are  found. 

What  is  the  peculiarity  of  the  muscular  coat? 

From  what  layers  are  the  urinary  organs  developed? 

What  is  the  Wolffian  body  ? 

From  what  is  the  connective  tissue  of  these  organs  derived? 
Describe  the  origin  of  the  bladder  and  urethra. 


CHAPTER  X. 

THE  FEMALE  REPRODUCTIVE  ORGANS. 

These  comprise  the  ovaries,  the  Fallopian  tubes,  the 
uterus,  the  vagina,  and  the  vulva. 

THE  OVARIES. 

The  ovaries  are  situated  in  the  posterior  part  of  the  broad 
ligaments,  and  are  flattened  oval  masses,  covered  with  a layer 
of  peritoneum,  tlie  cells  of  which  have  undergone  a change 
from  the  flat  endothelial  cells  to  low  columnar  cells  called 
the  germinal  epithelium.  The  ovaries  are  alveolar  glands, 
which  possess  no  ducts,  but  give  otf  a product  called  the 
ovum.  Each  ovary  is  divided  into  the  cortex  or  peripherv, 
in  which  lie  the  Graafian  foUides  and  ova,  and  into  the 
medulla  or  centre,  composed  of  a fibrous  stroma  containing 
the  bloodvessels.  The  boundary  between  these  two  parts  is 
not  clearly  defined.  The  stroma  of  the  cortex  of  the  ovary 
is  a peculiar  connective  tissue,  made  up  of  a large  number 
of  spindle  shaped  cells  with  little  intercellular  substance. 
The  nuclei  of  these  cells  have  a characteristic  a])pearance, 
being  long  and  oval,  with  a distinct  nuclear  membrane  and  a 


108 


THE  FEMALE  REPRODUCTIVE  ORGANS. 


Fig.  70. 


}!  <‘ 
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Section  from  the  ovary  of  an  adult  hitch  : a,  germinal  epithelium;  b,  b,  columns 
of  germinal  epithelium  within  the  stroma:  c,  small  follicles;  d,  much  more  ad- 
vanced follicle ; e,  discus  proligerus  and  ovum  ; /,  second  ovum  iu  same  follicle 
fa  rare  occurrence) ; g,  fibrous  coat  of  the  follicle;  h,  basement-membrane;  i,  mem- 
brana  granulosa  of  the  epithelium  ; d,  liquor  folliculi ; k,  old  follicle  from  which  the 
ovum  has  been  discharged  ; 1.  bloodvessels  ; m,  sections  of  the  parovarium  ; y,  in- 
growth from  the  germinal  ei»ithelium;  s,  transition  from  the  germinal  epithelium 
to  the  peritoneal  endothelium.  (Waldeyer.) 


well-marked  chromatin  network,  which,  being  larger  than  the 
ordinary  connective-tissue  nuclei,  gives  to  them  a resem- 
blance to  smooth  muscle.  Just  beneath  the  germinal  epithe- 
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liiim,  at  the  ])eri{)hery  of  tlie  eortical  portion  of  the  ovary, 
this  stroma  is  condpiised,  forming  the  tunica  albuginea^  the 
latter,  however,  being  no  distinet  layer,  as  is  the  coat  by  the 
same  name  covering  the  testicle. 

Many  immature  Graafian  follicles  in  different  stages  of 
development  are  found  in  the  stroma  of  the  cortex.  Only  a 
small  })roportion  of  the  ova  in  the  ovary  are  ever  matured, 
and  it  has  been  estimated  bv  Ilenle  that  only  about  400  of  a 
possible  72,000  ova  ever  reach  maturity  ; the  rest  undergo  a 
degeneration  or  physiological  process  called atresia. 
Some  of  the  follicles  are  surrounded  by  one  or  more  layers 
of  polygonal  cells  derived  from  an  ingrowth  of  the  cells  from 
the  germinal  epithelium  and  also  by  a condensation  of  the 
stroma  arranged  in  concentric  layers.  This  is  the  early  stage 
of  their  development  toward  the  large  mature  Graafian  follicle, 
which  in  diameter  spans  the  entire  cortex  and  projects  on  the 
free  surface  of  the  ovarv. 

The  mature  Graafian  follicle  is  a spherical  or  oval  cyst  and 
is  surrounded  on  its  outer  border  by  a condensed  layer  of  the 
stroma,  the  theca  folliculiy  composed  of  two  ])arts,  an  outer 
tunica  fibrosa,  consisting  mostly  of  fibrous  connective  tissue 
and  large  bloodvessels,  and  an  inner  tunica  j^r opr ia,  contain- 
ing many  cells  and  small  capillary  bloodvessels.  Next  to 
the  theca  internally  is  the  outer  layer  of  the  follicle  proper, 
the  membrana  granulosa,  consisting  of  many  layers  of  small 
polyhedral  cells,  originally  derived  from  the  germinal  e})i- 
thelium.  These  cells  enclose  a cavity,  the  antrum,  filled  with 
an  albuminous  fluid,  the  liquor  folliculi,  and  at  one  side  the 
cells  of  the  membrana  granulosa  which  here  have  formed  a 
thick  mass,  the  discus  proUgerus.  Tlie  discus  ])roligerus  has 
embedded  within  it  the  ovum,  a spherical  body  about 
inch  in  diameter. 

The  inner  layer  of  cells  of  the  discus  ])roligerus  are 
arranged  vertically  to  the  surface  of  the  ovum  and  form  the 
corona  radiata,  inside  of  which  is  a membrane  having  deli- 
cate radial  striations,  the  zona  pellucida.  AYithin  this  zone 
is  the  ovum  proper,  enclosed  within  its  own  cell-wall,  the 
vitelline  membrane.  The  ovum  is  composed  of  its  cell-wall. 


no 
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the  vitelline  membrane,  the  protoplasm  or  vitellm,  and  a 
nucleus  and  a nucleolus. 

The  vitellus,  or  yolk,  is  granular,  having  embedded  within 
it,  especially  near  the  perij)hery,  fat-globules. 

The  germinal  vesicle  corresponds  to  the  nucleus  of  a cell, 
and  consists  of  a delicate,  structureless  membrane  containing 
a clear  matrix  in  which  is  found  the  germinal  spot,  or 
nucleolus,  which  is  of  a yellow  color  and  finely  granular. 


Fig.  71. 


Human  ovule  and  its  surroundings  in  the  ovary ; a,  g,  vitelline  membrane  (zona 
pellucida  and  zona  radiata);  6,  c,  vitellus  or  cytoplasm  of  ovule:  d,  nucleus  or 
germinal  vesicle ; e,  corona  radiata;  /,  cells  of  cumulus  ovigerus.  (Nagel.) 


The  formation  of  the  mature  Graafian  follicle  begins  before 
])uberty,  and  some  nearly  mature  follicles  have  even  been 
found  in  the  ovaries  of  the  foetus.  The  ovum  as  described 
above  has  to  undergo  another  change,  or  ripening  process, 
liefore  it  is  ready  for  fertilization.  This  will  be  described  in 
a later  chapter. 

After  the  Graafian  follicle  ruptures  and  the  ovum  is  dis- 
charged, the  remaining  cavity  is  filled  with  blood  and  cells 
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from  the  membrana  granulosa.  These  contents  undergo  a 
change  or  degeneration,  giving  the  mass  a yellow  a])])earance, 
and  this  structure  is  called  the  corpus  lutemi^  which  linally 
is  absorbed  and  resnlts  in  a mere  scar  or  cicati’ix.  If  an  ovum 
which  is  discharged  has  become  fecundated,  the  corpus 
liitenm  is  supposed  to  become  larger  and  remain  longer  than 
one  remaining  after  an  iinfecnndated  ovum  has  escaped,  thus 
giving  rise  to  the  terms  true  (fecundated)  and  false  corpora 
lutea. 

The  medulla  is  composed  of  fibrous  connective  tissue  with 
fewer  spindle-shaped  cells  than  are  found  in  the  cortex. 
Involuntary  muscle-fibi'es  are  also  present  surrounding  the 
bloodvessels,  with  which  this  part  is  richly  supplied.  The 
bloodvessels  are  derived  from  branches  of  the  ovarian  arterv, 
a direct  branch  of  the  abdominal  aorta.  They  enter  at  the 
])ilum  and  penetrate  to  the  medulla,  from  here  sending  off 
capillary  twigs  to  the  cortex,  forming  a network  around  the 
Graafian  follicles.  Lymphatics  surround  the  Graafian  folli- 
cles in  a network  and  leave  the  ovary  through  the  hilum. 

The  nerves  are  both  mednllated  and  non-medullated,  and 
entering  through  the  hilum,  follow  the  course  of  the  blood- 
vessels. The  nerve-fibres  end  in  the  walls  of  the  bloodves- 
sels, the  germinal  epithelium,  and  surround  the  follicles. 


THE  PAROVARIUM. 

The  parovarium,  the  epobphoron  or  the  organ  of  Rosenmuller, 
is  composed  of  a number  of  tubular  structures,  the  remains 
of  parts  of  the  Wolffian  body  and  duct  in  the  foetus.  These 
structures  correspond  to  the  tubules  of  the  globus  major, 
epididymis,  and  vas  deferens  in  the  male.  They  are  situated 
in  the  broad  ligament,  between  the  ovary  and  Fallopian  tube, 
and  are  lined  with  low  columnar  epithelial  cells  similar  to 
those  lining  the  original  embryonic  canals.  Other  rudimen- 
tary tubnles  constituting  the  paroophoron,  homologous  with 
the  paradidymis  in  the  niale,  are  almost  constantly  present  in 
the  broad  ligament. 

The  hydatid  of  Morgagni^di  pedunculated  vesicle  lined  with 
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cnboidal  epithelium  and  the  remains  of  the  Midlerian  duet,  is 
freo[ueutly  present.  \\  hen  the  A\  olthan  duct  does  not  com- 

Fig.  72. 


Tnnsvorse  section  of  the  Fallopian  tube  near  its  free  end.  Numerous  branching 
1 rans\ erse  seeuuii  u covered  bv  ciliated  columnar  epithelium,  extend 

nw  tL’lumen  ThJ  open  spaces  in  these  villous  projections  are  sections  of  the 

)loodvessels.  (Orthinunn.) 

detelv  atrophy  and  remains  as  a canal  in  the  broad  ligament 
ind  vagina,  to*  open  occasionally  near  the  urinary  meatus,  it 
s known  as  the  duct  of  Q^civtiic) . 
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THE  FALLOPIAN  TUBES. 

The  Fallopian  tubes,  or  oviducts,  which  carry  the  ova  from 
the  ovaries  to  the  uterus^  lie  between  the  folds  of  the  broad 
ligaments  and  extend  from  the  cornua  of  the  uterus  out 
toward  the  ovaries,  ending  with  the  fimbriated  extremities, 
which  open  into  the  peritoneal  cavity.  Each  tube  consists  of 
three  coats,  the  inner  mucous,  the  middle  muscular,  and  the 
outer  serous. 

The  mucous  coat  is  thrown  into  deep  longitudinal  folds 
especially  toward  the  fimbriated  end,  where  they  are  highest 
and  have  many  branched  accessory  folds,  causing  the  lumen 
to  be  filled,  and  this  gives  to  a cross-section  the  characteristic 
labyrinthine  appearance.  The  epithelial  cells  lining  the 
oviduct  are  in  a single  layer  and  of  the  columnar  ciliated 
type,  resting  upon  a firm  tunica  propria  containing  connective- 
tissue  cells. 

Beneath  the  tunica  propria  are  found  some  scattered  bun- 
dles of  involuntary  muscle-fibre,  constituting  a muscularis 
mucosae,  and  below  this  a submucous  layer  made  up  of  areolar 
connective  tissue.  The  cilia  of  the  columnar  cells  wave  from 
the  ovarian  end  toward  the  uterus.  There  are  no  glands 
present  in  the  mucous  membrane  of  the  tube. 

The  muscular  coat  is  composed  of  a thick  inner  circular 
layer  and  a thinner  outer  longitudinal  layer  of  involuntary 
muscle-fibre,  both  of  which  layers  are  thicker  near  the  uterus 
than  at  the  fimbriated  extremity. 

The  fibroserous  coat  consists  of  a fibroelastic  connective 
tissue  covered  by  the  flat  endothelial  cells  of  the  peritoneum. 
Bloodvessels,  lymphatics,  and  nerves  are  found  situated  in 
the  submucosa. 

THE  UTERUS. 

The  uterus,  like  the  Fallopian  tube,  is  composed  of  three 
coats,  the  mucous,  the  muscular,  and  the  serous.  It  is  an 
organ  made  up  mostly  of  the  muscular  layer,  having  a thin 
external  serous  coat  and  an  inner  mucous  coat. 

Phe  mucous  coat  consists  of  a single  layer  of  columnar 
ciliated  epithelium  resting  upon  a basement-membrane,  the 

8— His. 
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tunica  propria,  whicli  is  made  up  of  bundles  of  fibrous  and 
elastic  tissue,  containing  many  lymphoid  cells  in  its  meshes. 
Embedded  within  the  tunica  propria  are  the  uterine  glands. 
These  are  slightly  wavy  tubular  glands,  unbranched  and 
]>laced  perpendicnlar  to  the  surface  of  the  mucous  membrane. 
They  extend  to  the  muscular  layer  and  are  lined  with  a single 
layer  of  columnar  ciliated  epithelium.  The  submucosa  is 
absent  in  the  uterus  and  the  epithelium  is  almost  in  direct 
contact  with  the  muscular  layer.  The  mucous  membrane 
appears  different  at  the  various  stages  of  a woman’s  life, 
lluring  the  virgin  state  after  puberty,  the  mucosa  is  from  1 
to  2 mm.  thick,  and  is  covered  with  columnar  ciliated  epithe- 
lium. During  the  menstrual  period  the  mucosa  thickeus, 
due  to  an  increase  in  connective-tissue  cells  and  of  leucocytes 
and  to  an  increased  blood-supply.  Following  this  stage  we 
have  a degeneration  of  the  mucosa  with  rupture  of  some  of 
the  vessels,  leaving  only  connective  tissue  and  bloodvessels 
present.  Kegeneration  now  begins  and  the  mucous  mem- 
brane resumes  its  normal  appearance.  Should  pregnancy, 
however,  occur,  characteristic  changes  take  place  and  there 
occurs  tlie  formation  of  the  (leciducB,  which  are  intimately 
connected  with  the  development  of  the  ovum  in  the  uterus. 
The  mucous  membrane  of  the  cervix  is  thicker  than  that  of 
the  uterus  proper,  and  in  the  lower  third  is  thrown  into 
])apilhe  covered  with  stratified  squamous  epithelium  contain- 
ing numerous  short  mucous  crypts,  the  mouths  or  ducts  of 
which  occasionally  become  occluded  and  the  gland  distended 
with  a thick,  glairy  mucus.  These  retention-cysts  are  known 
as  the  Nab  oil iian  follicles,  and  may  be  seen  as  yellow  vesicles 
by  the  naked  eye.  The  uterus  has  no  submucous  coat  and 
the  mucous  membrane  lies  directly  in  contact  with  the  inns- 
cularis,  with  the  uterine  glands  extending  down  into  the 
muscle  coats. 

The  muscular  coat  makes  u[)  the  bulk  of  the  organ  and  is 
divided  into  three  strata  composed  of  bundles  of  involuntary 
muscle-fibre,  separated  by  a small  amount  of  connective 
tissue.  The  muscle-fibres  are  made  up  of  spindle-shaped 
cells  containing  one  or  more  nuclei.  The  size  of  the  cell 
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increases  greatly  during  pregnancy  ; in  the  non-pregnant 
nterus  they  are  about  50  fi  long,  while  at  full-term  ])regnancy 
they  may  reach  a length  of  500  (i. 

These  layers  of  muscle  are  the  inner,  which  is  longitudinal 
and  next  to  the  mucosa;  the  middle,  which  is  arranged  circu- 


Fig.  73. 


Section  through  wall  of  a rabbit’s  uterus:  m,  mucosa  (the  cilia  of  the  epithelium 
are  not  shown) ; a,  muscular  coat ; s,  peritoneum.  (Schafer.) 

larlv,  is  the  thickest  and  contains  numerous  bloodvessels  ; and 
the  outer  which  is  longitudinal  and  next  to  the  serous  coat. 
In  the  cervix  the  layers  of  the  muscular  coat  are  more  distinct. 
The  serous  coat  consists  of  a layer  of  fibrous  tissue  resting 
upon  the  outer  muscular  layer,  and  covered  on  its  outer  sur- 
face by  the  endothelial  cells  of  the  peritoneum. 
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The  blood-supply  to  tlie  uterus  is  especially  abundant,  and 
consists  of  branches  from  the  ovarian  and  uterine  arteries, 
which  penetrate  the  serous  coat  and  form  a capillary  network 
in  the  muscular  layer,  around  the  glands,  and  under  the 
mucosa.  The  veins  form  a plexus  in  the  deeper  parts  of  the 
mucosa  and  a still  larger  j)lexus  in  the  middle  muscle-layer. 

The  lymphatics  are  also  numerous  and  form  a network  of 
canals  and  lyniph-s])aces  throughout  the  organ. 

The  nerves  are  both  medullated  and  non-medullated,  and 
are  derived  from  the  hypogastric  and  ovarian  plexuses,  with 
branches  from  the  lower  sacral  nerves.  MinjLite  ganglia  are 
found  along  the  course  of  the  non-medullated  fibres. 


Menstruation  is  a dischartxe  of  blood  from  the  uterine 
mucous  membrane  every  twenty-eii^ht  days.  It  occurs  in 
women  from  the  ages  of  fourteen  to  forty-five  years,  and  at 
each  period  usually  lasts  from  three  to  four  days. 

Ovulation  occurs  about  this  time,  and  it  is  probable  that 
menstruation  has  something  to  do  with  the  reception  and 
preservation  of  the  ovum. 


THE  VAGINA. 

The  vagina  is  composed  of  three  coats,  the  mucous,  the 
muscular,  and  the  fibrous. 

The  mucous  coat  consists  of  a thick  layer  of  stratified 
squamous  ej)ithelium  resting  upon  a tunica  propria  composed 
of  hbroelastic  tissue  rich  in  leucocytes.  The  leucocytes  are 
yery  abundant  in  the  anterior  wall  near  the  vaginal  orifice 
and  cause  the  mucous  tissue  to  resemble  adenoid  tissue.  The 
mucosa  is  thrown  into  pa])ilhe  and  into  larger  longitudinal 
folds,  the  rugcBy  due  to  the  presence  of  bundles  of  involuntary 
muscle-fibre  and  the  large  veins  in  the  tunica  propria.  No 
glands  are  present  in  the  vaginal  mucous  membrane,  but  an 
acid  watery  solution  is  produced  which  is  ])robably  the  product 
of  the  mucosa. 

Tlie  vascular  submucosa  separates  the  mucosa  from  the 
muscular  layers  which  consists  of  an  inner  circular  and  an 
outer  lonp;itudinal  layer  of  involuntary  muscle. 

The  fibrous  coat  consists  of  a dense  fibrous  tissue  rich  in 
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yellow  elastic  fibres,  which  give  great  strength  to  the  vaginal 
walls.  T1  le  blood  and  lymphaiiG  vessels  are  very  abundant 
and  form  a network  between  the  mucous  and  muscular  coats. 
Large  venous  channels  lie  between  the  muscular  layers,  giving 
it  the  characteristic  cavernous  tissue  appearance. 

Fig.  74. 


Portion  of  a lon.c^iturlinal  section  of  the  vaginal  wall ; n,  stratified  epithelium; 
h,  snhepithelial  areolar  tissue;  c,  muscularis  mucosse;  d,  areolar  submucosa  con- 
tainipg  vascular  trunks;  e,  muscular  coat.  Outside  of  the  latter  is  the  ill-defined 
fibrous  coat,  not  represented  in  the  figure.  (Benda  and  Gunther’s  Atlas.) 


The  nerves  are  numerous,  both  medullated  and  non-me- 
dullated.  Special  end-bulbs,  the corpuscles  of  Krause, 
are  found  within  the  mucous  membrane. 

THE  VULVA. 

The  vulva  is  covered  with  stratified  squamous  epithelium 
continuous  with  that  of  the  vagina  and  skin.  Numerous 
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mucous  and  sebaceous  glands  open  upon  the  surface  of  the 
iutegumeiitj  the  deeper  layers  of  which  are  pigmented.  The 
labia  majora  consists  of  adipose,  areolar,  and  muscular  tissue, 
with  glands,  nerves,  and  bloodvessels,  the  whole  being  sur- 
rounded by  the  integument.  The  labia  minora  contain  a rich 
network  of  blood-sinuses,  surrounded  by  areolar  tissue,  con- 
stituting an  erectile  tissue.  Sweat-glands,  hair,  and  fat  are 
not  present,  however.  Nerve-fibres  ending  in  the  genital 
corpuscles  of  Krause  are  abundant  in  this  region. 

The  hymen  is  a membranous  fold  composed  of  the  mucosa 
of  the  vagina,  which  it  more  or  less  completely  closes.  It 
may  be  absent  or  very  rudimentary. 

The  clitoris  closely  resembles  in  structure  the  penis.  It  is 
made  u])  of  erectile  tissue,  surrounded  by  a dense  layer  of 
fibrous  tissue,  the  nerves  to  its  glans  ending  on  its  free  surface 
in  the  special  genital  bulbs. 

The  glands  of  Bartholin  are  two  small  racemose  glands 
corresponding  to  Cowpeds  glands  in  the  male,  situated  at  either 
side  of  the  outlet  of  the  vagina.  These  glands  are  lined  with 
mucous  cells  and  secrete  a mucoserous  substance,  emptying 
through  a long  duct  lined  with  low  cuboidal  epithelium. 

THE  MAMMARY  GLANDS. 

The  mammary  glands,  which  are  usually  classed  with  the 
reproductive  organs,  should  be  more  properly  considered  with 
the  skin.  They  occur  in  both  sexes,  but  up  to  puberty  they 
remain  identical  in  boys  and  girls.  At  that  time,  in  the  male 
they  begin  to  undergo  a retrograde  metamorphosis,  while  in 
the  female  they  develop  to  maturity.  They  are  best  studied 
in  their  fully  developed  state,  during  the  period  of  lactation, 
for  at  other  times  they  are  in  an  atrophic  condition. 

The  mammee  are  com])ound  tubular  racemose  glands, 
divided  by  fibrous  septa  into  fifteen  or  twenty  lobes,  and 
these  again  into  lobules,  which  in  turn  are  composed  of  the 
alveoli  or  acini.  The  whole  is  held  together  by  connective 
tissue,  its  inters]>aces  being  filled  with  adipose  tissue. 

The  acini  are  lined  with  a single  layer  of  columnar  or  poly- 
hedral epithelial  cells  resting  upon  a basement-membrane, 
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which  when  in  the  active  or  secreting  stage  are  coni])osed  of 
a granular  protoplasm  tilled  with  minute  oil-drops.  These 
globnles  become  larger,  and  after  nearly  filling  the  cells  are 
discharged  into  the  Inmen  of  the  acini.  Here  they  are  mixed 
with  an  albnminous  fluid  and  form  the  lactiferous  secretion. 
This  secretion  is  then  carried  by  means  of  the  secretory 
duct,  which  is  lined  with  simple  cnboidal  epithelium,  to  the 
large  galactophorous  ducts. 


Fig.  75. 


Lumen  of  acinus  — 


Tnyigential  section 
of  acinus  ^ ^ 


Memhrana  propria 
\ 


Part  of  a transverse  section  of  the  mammary  gland  of  a guinea-pig  during 

lactation.  X 500.  (Szymonowicz.) 


These  ducts,  about  twenty  in  number,  nre  lined  with 
columnar  epithelium  until  they  reach  a point  near  the  nip|)le, 
when  the  stratified  squamous  epithelium  appears,  continuous 
with  the  epidermis  of  the  skin.  They  converge  toward  the 
areola  and  become  dilated,  forming  the  ampullce  or  reservoirs 
for  the  milk. 
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The  nipple  is  made  up  of  the  milk-canals  and  bloodvessels, 
siiiTonnded  by  hbroelastic  tissue  and  some  few  involuntary 
musele-tibres,  and  covered  with  skin  which  is  richly  supplied 
by  nerves  terminating  in  its  papilke.  The  skin  is  perforated 
for  the  escape  of  the  lactiferous  secretion,  and  contains  some 
pigment  which  varies  in  amount  according  to  the  color  of  the 
subject  and  stage  of  activity  of  the  glands. 

Small  racemose  glands,  the  glands  of  Montgomery,  are  found 
scattered  around  the  base  of  the  nipple. 

Large  bloodvessels  enter  the  mammse  and  send  branches 
between  the  lobes  and  lobules,  to  subdivide  into  a capillary 
network  around  the  acini.  Lymph-vessels  are  abundant  and 
form  capillary  networks  in  both  the  interstitial  connective 
tissue  and  in  the  skin  of  the  nipple  and  areola. 

The  nerves  are  distributed  principally  to  tlie  integumentary 
structures  ending  in  special  tactile  bulbs,  with  some  few  to  the 
bloodvessels  and  the  gland  parenchyma,  as  in  the  salivary 
glands. 

The  secretion  of  the  mammse,  or  the  milk,  consists  of  a 
clear  fluid  alkaline  in  reaction  in  which  are  suspended  minute 
oil-droplets  surrounded  by  an  envelope  of  a proteid  substance 
— casein. 

The  first  milk  after  delivery  of  the  child  contains  lar^re 
granular  bodies,  the  colostmim  corpuscles,  which  are  the  result 
of  the  fatty  degeneration  of  the  cells  filling  the  acini  before 
lactation. 

QUESTIONS. 

Name  the  female  reproductive  organs. 

Locate  the  ovary. 

What  is  the  germinal  epithelium? 

Describe  the  ovarian  stroma. 

Wliat  is  the  tunica  albuginea  ? 

Describe  a mature  Graafian  follicle. 

Describe  the  ovum. 

What  is  the  corpus  luteum  ? 

Describe  the  ovarian  blood-supply. 

Wliat  is  the  parovarium? 

To  what  do  these  structures  correspond  in  the  male? 

What  is  the  paroophoron  ? 

Describe  Gartner’s  duct. 

Locate  the  Fallopian  tube.  Name  the  coats. 

Describe  the  mucous  coat. 
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Name  the  coats  of  the  uterus.  Which  is  the  thickest  ? 

Describe  the  mucous  coat. 

What  is  the  peculiarity  about  the  relation  of  the  mucous  and  muscular  coats? 
Describe  the  uterine  glands. 

Name  the  blood-supply  to  the  uterus. 

What  are  the  Nabothian  follicles? 

Name  the  coats  of  the  vagina. 

Describe  the  mucous  coat. 

What  are  the  glands  of  Bartholin  ? 

Describe  the  labia  minora  and  labia  majora. 

Describe  the  hymen  and  clitoris. 

Describe  the  mammary  glands. 

Describe  the  acini. 

Describe  the  nipple. 

What  is  the  arrangement  of  the  blood-supply  ? 

Describe  the  milk. 

What  are  the  colostrum  corpuscles  ? 


CHAPTER  XI. 

THE  MALE  REPRODUCTIVE  ORGANS. 

These  comprise  the  testicles,  with  their  excretory  ducts,  the 
penis,  the  prostate,  and  Cowper’s  glands. 

THE  TESTICLES. 

Tlte  testes  are  two  compound  tubular  glands  secreting  the 
semen,  and  are  situated  in  the  scrotum. 

The  scrotum  is  a cutaneous  pouch  made  up  of  an  outer  coat 
of  integument.  Beneath  this  is  the  dartos,  to  which  the  skin 
is  closely  connected,  and  is  composed  of  contractile  tissue  with 
some  unstriated  muscle-fibre,  being  very  vascular.  The  sep- 
turn  scroti  is  a band  derived  from  the  dartos,  dividing  the 
scrotum  into  halves.  Beneath  the  dartos  we  find  the  intcr- 
colurnnar  fascia,  from  the  fibres  constituting  the  pillars  of  the 
external  abdominal  ring,  the  cremasteric  fascia,  which  is  com- 
posed of  muscle-fibres  and  areolar  tissue  ; fascia  propria, 
derived  from  the  transversalis  fascia.  The  next  layer  is  the 
tunica  vaginalis,  or  the  true  covering  of  the  testicle. 

The  testicle  proper  is  enclosed  within  a dense  capsule  of 
fibrous  tissue,  the  tunica  albuginea,  and  is  surrounded  by  a 
serous  sac,  the  tunica  vaginalis. 
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Tlio  tunica  vaginalis  is  a pouch  of  serous  membrane  which 
invests  the  testicle^  and  part  of  the  head  and  body  of  the 
epididymis,  extending  upward  into  the  spermatic  cord  foi 


Fig.  76. 
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'ransverse  section  of  the  testis  of  a twp  and  a half  year  old  boy. 

(Szyinonowicz.) 


X 7. 


Blood- 


about  a half  inch,  (Icrivcd  from  the  peritoneum  during  ty 
descent  of  the  testicle  in  the  fetus.  It  has  a viscera  and  a 
parietal  layer,  both  lined  with  flattened  eudotliehal  cells,  and 
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acts  as  a bursa  for  the  protection  of  the  testicle  and  the  head 
of  the  epididymis. 

The  tunica  albuginea  is  composed  of  white  fibrous  tissue, 
and  its  inner  side  consists  of  a thin,  highly  vascular  layer  of 
fibroelastic  tissue,  called  the  tunica  vasculosa.  Posteriorly  it 


Fig.  77. 


Blood-vessel 


Ciliated 
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Transverse  section  of  a human  epididymis.  X 300.  (Szymonowicz.) 


is  thickened  to  form  the  mediastinum  or  corpus  llighmori.  The 
mediastinum  gives  off  fibrous  septa  or  trabeciUa^,  which  divide 
the  jiarenchyma  of  the  testicle  into  cone-shaped  com])artments 
or  lobules,  each  containing  a number  of  seminiferous  tubules. 
The  mediastinum  carries  the  bloodvessels  to  and  from  the 
gland. 
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The  epkJkhjmis  is  tlie  rounded  elongated  body  with  ex- 
j)anded  ends  which  arclies  over  the  outer  side  of  the  pos- 
terior border  and  the  upper  end  of  the  testicle.  It  is  made 
np  of  a hodip  which  is  the  main  portion,  the  globus  majo'r,  an 
np])er  large  expanded  portion,  and  the  globus  minor  a lower 
smaller  expansion. 

Fig.  78. 


Semidiagrammatic  vertical  section  of  the  testicle,  to  show  the  arrangement  of  the 

ducts.  (Gray.) 

The  seminiferous  tubules  are  minute  convoluted  tubes  lined 
with  several  layers  of  seminal  cells  placed  on  a hyaline  base- 
ment-membrane and  surrounded  by  a capillary  network,  the 
whole  being  held  together  by  an  intertnbiilar  connective  tissue. 
These  tubules  as  they  approach  the  mediastinum  from  the 
perijihery  of  the  tubule  lose  their  convoluted  form  and  become 
narrow  and  straight,  called  the  vasa  recti,  and  are  lined  with 
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a single  layer  of  low  coliiiiinar  epithelium.  After  enteriug  the 
fibrous  structure  of  the  mediastinum  these  tubules  form  a series 
of  communicating  channels,  lined  with  a single  layer  of  flattened 
epithelium,  and  are  known  as  the  rete  tcHis.  These  tubules 
upon  emerging  from  the  mediastinum  terminate  in  from  fifteen 
to  twenty  ducts,  the  vasa  ejferenfia,  and  after  penetrating  the 
tunica  albuginea  follow  a straight  course  at  first,  later  on 
becoming  convoluted,  forming  conical  masses.  These  conical 
masses,  or  coni  vasculosi,  make  up  the  head  of  the  globus 
major  of  the  epididymis.  These  tubules  empty  into  a large 
single  tube  which  becomes  very  convoluted  and  forms  the 
globus  minor,  which  is  the  beginning  of  the  chief  excretory 
duct  of  the  gland,  namely,  the  vas  deferens. 

The  vasa  efferentia  and  the  tubes  of  the  epididymis  are 
lined  with  a stratified  columnar  ciliated  epithelium  situated 
on  a well-marked  fibrous  basement-membrane,  the  walls  of 
tubules  containing  some  circularly  arranged  muscle-tissue. 

The  vas  deferens  consists  of  several  layers  of  muscle-fibre, 
lined  internally  with  a mucous  membrane  composed  of  col- 
umnar ciliated  cells,  in  the  upper  part  like  the  vas  epididy- 
mis, but  lower  down  passes  over  into  a stratified  cylindrical 
epithelium,  and  externally  it  is  covered  with  a coat  of  areolar 
tissue. 


This  duct  extends  from  the  globus  minor  in  company  with 
nerves,  bloodvessels,  and  lymphatics,  constituting  the  sper- 
matic cord,  up  through  the  inguinal  canal  to  the  base  of  the 
bladder.  Here  it  becomes  wider,  forming  the  ampulla,  and 
then  again  becomes  contracted,  joining  the  duct  of  the  vesicula 
seminal  is  at  tlie  base  of  the  prostate  to  form  the  ejaculatory 
duct.  This  duct  is  composed  of  two  layers  of  mUvScle-fibre  sur- 
rounding a submneosa,  which  separates  the  tunica  j)ropria  with 
its  layer  of  columnar  epithelial  cells  from  the  muscular  layer. 

The  seminiferous  tidmles  consist  of  three  portions,  tlie  con- 
voluted tubules  constituting  most  of  tlie  lobules,  the  straight 
tubules  formed  at  the  apices  of  the  lobule,  and  the  tubules  in 
the  mediastinum  forming  the  rete  testis.  These  tubules  are 
composed  of  epithelial  cells,  resting  upon  a basement-mem- 
brane, which  is  surrounded  bv  a loose  connective  tissue  rich  in 
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Fig.  79. 


bloodvessels.  In  this  interstitial  connective  tissue  are  found 
nuineroiis  large  cells,  known  as  plasriia-cells.  They  have 

small  nuclei,  are  rounded,  coarsely 
granular,  and  contain  fat-droplets, 
pigment,  and  crystalloids.  They 
are  situated  in  small  groups  or  col- 
umns in  the  spaces  between  the  ad- 
jacent seminiferous  tubules.  They 
are  supposed  to  be  of  connective- 
tissue  origin,  but  some  authors 
claim  that  they  are  derived  from 
epithelial  cells.  Their  function  is 
not  known.  The  outer  or  parietal 
cells  lining  the  tubules  are  of  low 
cuboidal  epithelium  and  of  two 
kinds,  the  sustentacular  cells,  or  Ser- 
toli^ s columns,  which  are  not  con- 
cerned in  the  formation  of  the 
spermatozoa,  and  the  spermato- 
(jcnetic  cells.  luside  of  this  outer 
layer  we  find,  during  the  activity 
of  the  gland,  a second  zone  whose 
elements  are  large  spheroidal  cells 
undergoing  rapid  karyokinetic 
changes.  These  are  the  mother- 
cells,  and  are  derived  from  the 
outer  zone  of  spermatogenetic  cells. 
These  cells,  after  division,  form  the 
daughter-cells,  or  spermatoblasts. 
The  nucleus  of  these  daughter- 
cells  develops  into  the  head  of  the 
spermatozoon  through  a succession 
of  changes,  and  the  completed 
spermatozoon  may  be  seen  in  the  lumen  of  the  tubule. 

The  blood -supply  of  the  testicle  is  derived  from  the  sjier- 
matic  artery,  which  enters  at  the  mediastinum  and  sends 
branches  through  the  septa  between  the  lobules  to  form  a 
fine  caj)illary  network  around  the  tubules. 


Human  spermatozoa  ; the  left 
figure  represents  the  side  view 
and  the  middle  figure  surface 
view  of  a si*ermatozodn.  a, 
head  (nucleus) ; b,  end-knob 
(centrosome; ; c,  middle  piece; 
d,  tail  of  flagellum ; e,  end- 
piece.  The  thickness  of  d may 
be  owing  to  the  presence  of 
a sheath  surrounding  the 
actual  flagellum,  which  projects 
from  the  sheath  at  e.  (Bohm 
and  Davidott',  after  Retzius  and 
Jensen.) 


THE  TESTICLES. 


127 


Tlie  veins  collect  in  the  interstitial  connective  tissue  between 
the  lobules  and  leave  the  organ  by  the  path  of  the  arteries, 
throno^h  the  mediastinnin. 

The  lymphatics  form  a superficial  and  a deep  })lexns,  the 
vessels  from  each  anastomosing  and  forming  large  vessels, 
Avhich,  after  uniting  with  tlie  lymphatics  from  the  epididymis, 
become  a part  of  the  spermatic  cord.  The  final  endiny  of  the 
nerves  supplying  the  testes  is  not  known. 

The  semen,  the  secretion  of  the  testicle,  is  com})Osed  of  sper- 
matozoa, epithelial  elements,  fluid  from  Cowper’s  glands, 
together  with  a number  of  grannlar  and  hyaline  bodies. 

The  spermatozoa,  which  are  the  active  agents  of  the  semen, 
are  made  up  of  a head,  a middle  piece,  and  a tail.  In  1 cubic 
millimeter  of  semen  it  has  been  estimated  that  there  are  about 
60,000  spermatozoa. 

The  head  is  of  flattened,  oval  shape,  shows  depressions  in 
its  anterior  part,  and  consists  of  chromatin  substance  (nuclein) 
constituting  the  nucleus,  and  has  attached  to  its  broad  end 
the  middle  piece.  Continuous  with  the  middle  ])iece  is  the 
tail,  which  is  the  longest  of  the  three  parts,  and  which,  by  its 
vibratory  movements,  propels  the  spermatozoon.  The  axial 
fibre  is  a delicate  structure  extending  from  the  head  through 
the  middle  piece  and  tail.  It  connects  the  head  and  mid- 
dle piece,  and  in  this  location  is  surrounded  by  a delicate 
sheath. 

The  paradidymis  (organ  of  Giralde)  is  the  remains  of  an 
embryonic  structure  arising  from  the  Wolffian  body,  and  is 
situated  between  the  bloodvessels  of  the  spermatic  cord  in 
the  neighborhood  of  the  testis.  This  structure  consists  of  a 
fcAv  blind  tubules  lined  with  a layer  of  ciliated  e])ithelium. 
Similar  embryonic  remnants,  the  ductali  consisting 

of  tubules  with  blind  ends  and  lined  with  ciliated  epithelium, 
are  connected  with  the  vas  e])ididymis.  The  hydatid  of 
Morgagni  is  another  similar  structure,  made  up  of  vascular 
connective  tissue  and  lined  with  ciliated  e])ithelium,  situated 
in  the  upper  part  of  the  head  of  the  epididymis,  and  ])i’obably 
the  remains  of  the  embryonic  structure  known  as  Miiller^s 
duct. 
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THE  PENIS. 

The  penis  consists  of  three  cylindrical  masses  of  erectile 
tissue,  the  two  corpora  cavernosa  and  the  corpus  spongiosum, 
with  the  glans  penis  at  the  apex,  all  enveloped  in  a fibrous 
sheath  and  covered  with  skin  and  subcutaneous  tissue,  the 
latter  containing  no  fat.  The  corpora  cavernosa  are  two 
fibrous  cylindrical  tubes,  surrounded  by  a dense  fibroelastic 
sheath,  the  tunica  albuginea,  composed  of  white  and  elastic 


Fig.  80. 


Cavernous  or  erectile  tissue  of  penis  : a,  fibrous  trabeculae;  h,  cavernous  sinuses; 
c,  smooth  muscle  in  cross-section.  (Cadiat.) 

fib  res  longitudinally  arranged  and  forming  a common  cover- 
ing for  both  bodies.  Each  corpus  is  composed  of  an  envelope 
of  white  fibrous  and  elastic  tissue,  circularly  arranged,  and 
enclosing  the  erectile  tissue.  This  coat  forms  the  pectiform 
septum  which  separates  the  two  bodies. 

The  erectile  tissue  is  composed  of  fibrous  trabeculte  derived 
from  the  enveloping  coat  and  containing  bundles  of  involun- 
tary muscle-fibre.  They  go  to  make  up  a system  of  comniu- 
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iiicating  venous  sinuses  or  cavernous  spaces,  lined  witli  flat- 
tened endothelial  cells.  These  sinuses  are  distended  with 
blood  during  erection^  but  in  the  quiet  stage  are  not  con- 
cerned in  the  nutrition  of  the  tissue. 

The  corpus  spongiosum  is  similar  to  the  corpus  cavernosum, 
with  the  exception  that  the  enveloping  membrane  is  thinner 
and  more  elastic,  the  trabeculae  are  finer,  the  sinuses  smaller, 
and  through  its  centre  runs  the  urethra.  The  anterior  part 
of  the  outer  extremity  expands  to  form  the  plans  penis,  which 
is  covered  with  stratified  squamous  epithelium  containing 
many  special  sensory  nerve-terminals.  Sebaceous  glands,  the 
glands  of  Tyson,  whose  secretion  mixed  with  epithelial  ele- 
ments goes  to  form  the  smegma,  are  found  at  the  base  of  the 
glans  where  it  joins  the  prepuce. 

The  blood-supply  to  the  erectile  tissue  is  derived  from  the 
dorsal  artery  of  the  penis  and  the  arteries  of  the  corpora 
cavernosa.  The  bloodvessels  penetrate  the  fibrous  capsule 
and,  entering  through  the  trabeculae,  communicate  directly 
with  the  venous  sinuses.  Veins  gather  up  this  blood  and 
carry  it  to  the  dorsal  vein  by  the  same  route  followed  by  the 
arteries.  The  arteries  supplying  nutrition  to  the  structures 
consist  of  a distinct  set,  being  branches  of  the  above-named 
vessels,  but  not  communicating  with  the  blood  to  the  caver- 
nous sinuses.  These  nutritive  vessels  are  very  tortuous  in 
their  course  and  are  known  as  the  helicine  arteries. 

The  lymphatics  of  the  penis  consist  of  a superficial  and  a 
deep  set.  The  superficial  set  is  derived  from  the  glans,  pre- 
puce, and  mucous  membrane  of  the  urethra,  and  terminate 
in  the  superficial  inguinal  glands,  while  tlie  deep  set  come 
from  the  corpus  spongiosum  and  cavernosum  and  end  in  the 
deep  pelvic  lymphatics. 

Sensory  and  motor  nerves  supply  the  structures  of  the  penis, 
while  some  of  the  sensory  nerves  end  in  the  special  genital 
bulbs  on  the  glans. 


THE  PROSTATE. 

The  prostate  is  a compound  tubular  gland  covered  by  a 
dense  capsule  composed  of  fibroelastic  tissue  containing  some 
9— His. 
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involuntary  muscle-fibres.  The  greater  part  of  the  prostate 
is  comj)osed  of  a firm  connective  tissue  containing  many 
bundles  ot  smooth  muscle-fibres.  The  lesser  part  is  of  glandu- 
lar structure,  and  contains  within  its  body  a portion  of  the 
urethra  and  ejaculatory  ducts.  From  the  nuiscnlar  coat  sur- 
rounding the  prostate  and  from  the  muscular  layer  surrounding 


Fig.  81. 


Section  of  the  prostate.  Sections  of  one  acinns  and  portions  of  three  others  are 
included  in  the  fig'nre.  These  are  surrounded  by  tibrons  tissue  traversed  by  bundles 
of  smooth  muscular  fibres.  E,  epithelial  lining?  of  the  acini ; M,  M,  smooth  mus- 
cular tissue;  C,  concretions  of  amyloid  material,  showing  concentric  lamination, 
(lluizmann.) 

the  urethra,  .septa  are  given  off  which  pass  into  the  glandular 
structure  of  the  organ.  The  interstitial  tissue  increases  with 
age,  while  the  glandular  structures  atrophy,  thus  producing 
the  condition  of  hyjiertrophied  prostate  so  often  seen  in  old 
men.  The  glandular  substance  is  made  up  of  many  pouches 
or  alveoli  ojiening  into  long  canals,  which  empty  on  the  free 
gurface  of  the  urethra.  The  alveoli  are  large  and  irregular. 
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and  are  lined  with  a single  layer  of  colninnar  epitlielinm,  the 
nuclei  of  the  cells  being  placed  near  the  base  of  tlie  cell. 

The  excretory  ducts,  near  their  termination,  are  lined  with 
transitional  epithelium  similar  to  the  lining  of  the  prostatic 
portion  of  the  urethra. 

The  alveoli  often  contain  small,  round,  laminated  masses 
of  a calcareous  nature,  called  the  prostatic  concretions. 

The  prostatiG  sinus  is  that  portion  of  the  ])rostate  where  the 
excretory  ducts  empty,  and  is  marked  by  a depression  on 
either  side  of  a urethral  crest.  This  sinus  is  lined  with 
stratified  squamous  epithelium,  continuous  with  that  of  the 
urethra. 

The  uterus  masculinus  occupies  the  anterior  portion  of  the 
urethral  crest,  and  is  the  homologue  of  the  uterus  and  vagina 
of  the  female.  The  prostatic  secretion  is  mucoid  in  character 
and  acid  in  reaction,  and  enters  into  the  composition  of  the 
semen. 

The  hloodvessels,  which  are  derived  from  the  pudic,  vesical, 
and  hemorrhoidal  arteries,  enter  the  capsule  and  send  branches 
through  the  fibroniuscular  trabeculae  to  form  a capillary  net- 
work around  the  alveoli. 

The  lymphatics  originate  in  the  clefts  of  the  trabeculae  and, 
accompanying  the  veins,  empty  into  the  deep  lym])h-glands. 
Medullated  and  non-meduUated  nerve-fibres  are  found  in  the 
prostate,  under  the  capsule,  and  in  its  trabeculae. 

COWPER’S  GLANDS. 

These  are  two  small  branched  tubular  glands,  composed 
of  several  lobes,  and  are  situated  l)eneath  the  membranous 
urethra.  The  lobules  are  made  up  of  acini  lined  with  a 
single  layer  of  columnar  cells,  the  whole  l)eing  held  together 
by  a fibromuscular  connective  tissue.  The  small  ducts  emptv- 
ing  the  acini  are  lined  with  a ciiboidal  epithelium,  which 
gradually  becomes  taller  as  the  duets  increase  in  diameter. 
The  two  large  excretory  ducts  are  lined  with  a stratified 
epithelium,  and  empty  into  the  posterior  part  of  the  urethra. 
The  secretion  is  a clear,  viscid  fluid  which  enters  into  the 
formation  of  the  semen. 
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The  bloodvessels  pass  between  the  lobules  and  form  networks 
around  the  acini. 


DEVELOPMENT  OF  THE  REPRODUCTIVE  ORGANS. 

The  beginning  formation  of  the  genital  organs  is  the  appear- 
ance of  a ridge  due  to  a thickening  of  the  lining  of  the  body 
cavity.  This  r/enital  ridge^  or  indifferent  sexual  gland^  is  placed 
near  the  Wolffian  bodv,  and  is  attached  to  it  until  about  the 
seventh  week  of  foetal  life,  when  the  distinction  of  sex  begins, 
the  genital  ridge  becoming  either  the  testicle  or  the  ovary. 

Interned  Fenmle  Reproductive  Organs. — The  ovary  is  formed 
from  the  genital  ridge  by  a thickening  of  the  germinal  epithe- 
lium covering  it,  with  an  ingrowth,  into  the  substance  of  the 
ridge,  of  cells  which  go  to  form  the  primitive  ova.  These 
later  become  the  mature  Graafian  follicles.  The  stroma  of 
the  ovary  is  produced  by  a secondary  ingrowth  of  the  sur- 
rounding mesoderm  among  the  primitive  ova. 

The  ludlopian  tubes  are  from  a ])ortion  of  the  ducts  of 
Muller^  these  ducts  being  at  first  closed  at  their  outer  end,  but 
later  a cleft  forms,  which  is  developed  into  the  fimbriated 
extremity  of  the  tul)es. 

The  Mullerian  duct  makes  its  appearance  after  the  estab- 
lishment  of  the  Wolffian  body,  and  is  situated  near  and  par- 
allel to  this  latter  structure,  with  its  upper  end  opening  into 
the  body-cavity  and  its  lower  extremity  ending  in  the  cloaca 
and  afterward  within  the  urogenital  sinus. 

The  iderus  and  vagina  are  formed  from  the  two  Mullerian 
ducts  whicli  coalesce,  the  intervening  septum  being  absorbed 
and  the  cavity  of  the  uterus  and  vagina  formed.  The  AYolffian 
duct  and  tubules  atrophy  in  the  female  and  form  the  j)aro- 
varium,  Gartner’s  duct,  and  the  paroophoron,  which  remain  as 
vestigial  structures. 

External  Organs. — About  the  sixth  week  of  foetal  life  a 
tubercle  forms  anterior  to  the  cloaca.  This  is  the  genital 
tubercle,  and  is  surrounded  by  two  folds,  the  genital  folds. 
Later  a groove  appears  on  this  tubercle,  forming  the  genital 
furrow. 
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Female. — The  clitoris  is  derived  from  the  yenital  tubule,  tlu; 
labia  inajora  from  i\\e  genital  folds,  and  tlie  labia  'minora  trom 
the  lips  of  the  genital  fur' row . 

Male. — The  testicle,  except  its  excretory  ducts,  is  derived 
from  the  genital  ridge  by  an  ingrowth  of  the  epithelial  cells 


Fig.  82. 

A.  Male.  B.  Fe'male. 


Diagram  to  illustrate  the  homologies  of  the  sexual  apparatus.  (After  Minot.) 


covering  it,  forming  the  lining  of  the  seminal  ducts.  The 
tubules  composing  the  globus  major  and  paradidymis  are  from 
the  Wolffian  tubules,  while  the  epididymis  and  vas  deferens  are 
derived  from  the  Wolffian  duct. 

The  penis  is  derived  from  the  genital  tubercle,  the  penile 
portion  of  the  urethra  is  formed  by  the  closing  of  the  genital 
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furrow,  while  the  scrotum  is  formed  by  the  union  along  the 
median  line  of  the  two  genital  folds. 

The  ducts  of  Muller  atrophy  in  the  male,  their  upper 
extremity  forming  the  hydatid  of  the  epididymis,  while  the 
lower  ends  unite  and  form  the  uterus  masculinus  or  sinus 
pocularis.  These  embryonic  structures,  which  remain  rudi- 
mentary in  either  male  or  female,  are  of  interest  largely 
because  of  tumors  or  pathological  conditions  arising  in  them. 

The  sexual  glands  and  their  excretory  passages,  as  far  as 
the  termination  of  the  ejaculatory  ducts  and  vagina,  are 
formed  from  the  mesoderm. 

QUESTIONS. 

Name  the  male  reproductive  orfjaiis. 

What  type  of  gland  is  the  testicle? 

What  is  the  tunica  albuginea? 

Describe  the  mediastinum  testis. 

What  are  the  vasa  recti ; the  vasa  efferentia? 

What  is  the  ei»idi(lvmis;  tlie  vas  deferens?  Describe  each. 

Describe  the  seminiferous  tubules. 

What  are  the  si)ermatogenetic  cells? 

What  are  the  spermatoblasts ? 

Name  the  hlood-su])i)ly  to  the  testicle. 

What  is  the  semen  ? 

Describe  the  spermatozoa. 

What  structures  compose  the  penis? 

Describe  the  cor])ora  cavernosa. 

Describe  the  corpus  spongiosum. 

What  forms  the  glans  penis? 

What  are  the  glands  of  Tyson  ? 

Name  the  blood-supply  to  the  penis. 

What  is  the  prostate?  Describe  its  alveoli. 

Describe  Cowper’s  glands. 

From  what  is  the  ovary  derived  ? 

From  what  are  the  Fallo])ian  tubes,  the  uterus,  and  the  vagina  derived? 
What  becomes  of  the  Wolffian  duct  and  tubules  in  the  female? 

From  what  is  the  testicle  derived  ? 

What  structures  do  the  Wolffian  duct  and  tubules  make  in  the  male? 

From  what  is  the  penis  derived  ? 

What  becomes  of  the  ducts  of  Muller  in  the  male  ? 

From  what  layer  of  the  blastoderm  are  the  sexual  glands  derived? 
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CHAPTER  XII. 

THE  RESPIRATORY  ORGANS. 

The  respiratory  organs  consist  of  the  air-passages,  as  the 
nasal  fossie,  pharynx,  larynx,  traehea,  and  brom^hial  tubes, 
with  the  special  organs,  the  lungs,  which  act  as  glands. 

THE  LARYNX. 

The  larynx,  or  organ  of  voice,  is  composed  of  a eartilaginons 
structure  made  up  of  the  thyroid,  cricoid,  arytenoid,  Wris- 
berg’s  and  Santorini^s  cartilages.  These  are  held  together  by 
tibrons  tissue  and  are  lined  on  the  inner  side  with  a mncons 
membrane.  The  mncons  membrane  consists  of  epithelial 
cells  and  a basement-membrane,  having  also  a submneosa. 
The  epithelium  as  far  as  the  false  vocal  cords  is  of  the  strati- 
fied squamous  variety.  Below  this  the  epithelium  changes 
to  the  stratified  columnar  ciliated,  but  when  it  reaches  the 
true  vocal  cords  it  is  again  the  stratified  squamous,  chang- 
ing into  the  stratified  columnar  ciliated  type  as  soon  as  the 
true  vocal  cords  are  passed,  and  continuing  as  such  into  the 
trachea  and  bronchi.  The  basem’ent-membrane  is  a fibro- 
elastic  connective  tissue  raised  into  papilla?,  especially  in  the 
upper  part  of  the  larynx.  Numerous  mucous  follicles  com- 
municating with  the  surface  and  lined  with  columnar  cells 
are  found  in  the  submneosa. 

The  vocal  cords  consist  of  fibroelastic  tissue  covered  with 
mucous  membrane,  consisting  of  stratified  squamous  epithe- 
lium. No  mucous  glands  are  found  on  the  vocal  cords. 

The  cartilages  of  the  larynx  are  of  both  the  hyaline  and 
the  yellow  elastic  variety,  the  former  variety  ]u*edominating. 

The  bloodvessels  end  in  ca])illary  networks  in  the  mucosa. 
A superficial  and  a deep  set  of  lymphatics,  situated  in  the 
mucosa  and  submneosa,  are  present. 

The  nerves,  both  mednllated  and  non-medullated,  termi- 
nate in  the  mucosa,  show  small  ganglia  in  their  course,  and 
on  the  lower  surface  of  the  epiglottis  end  in  small  taste-buds. 
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THE  TRACHEA. 

The  trachea  is  a cylindrical  tube  of  fibroelastic  tissue, 
within  the  layers  of  which  are  enclosed  a series  of  incom- 
l)lete  cartilaginous  rings,  and  is  lined  internally  with  mucous 

Fig.  83. 


From  a longitudinal  section  through  the  trachea  of  a child:  a,  the  stratified  col- 
umnar ciliated  e]>itheliuin  of  the  internal  free  surface ; b,  the  basement-membrane ; 
c,  the  mucosa  (tunica  propria)  ; d,  the  network  of  longitudinal  elastic  fibres  (the 
oval  nuclei  between  them  indicate  connective-tissue  corpuscles) ; e,  the  submucous 
tissue,  containing  mucous  glands;  /,  large  bloodvessels;  g,  fat-cells;  h,  hyaline 
cartilage  of  the  tracheal  rings.  (Only  a part  of  the  tracheal  wall  is  given  in  the 
figure.)  (Klein.) 


membrane.  It  extends  from  the  larynx  downward  for  about 
four  inches,  where  it  divides  into  the  two  bronchi. 

Stratified  columnar  ciliated  ejiithelium  lines  the  trachea, 
numerous  goblet-cells  also  being  present.  The  tunica  pro- 
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pria  is  made  up  of  a dense  fibroelastic  tissue,  the  elastic  fibres 
being  well  marked  posteriorly,  where  they  form  several  longi- 
tudinal bundles  between  the  ends  of  the  cartilaginous  rings. 
The  submucosa  contains  many  racemose  glands,  the  acini 
of  which  are  lined  with  cuboidal  cells,  while  the  long  ducts 
which  communicate  with  the  surface  epithelium  are  lined 
with  low  columnar  cells.  These  glands  are  especially  abun- 
dant where  the  tracheal  wall  is  free  from  cartilage. 

The  external  fibrous  coat  is  made  up  of  fibroelastic  tissue 
containing  some  longitudinally  and  circularly  arranged  bun- 
dles of  involuntary  muscle-fibre.  Posteriorly  it  is  but  a 
single  layer,  while  anteriorly  it  divides  into  two  layers, 
thereby  forming  a complete  covering  for  the  cartilaginous 
rings. 

The  cartilaginous  rings  are  of  the  hyaline  variety,  and 
extend  about  two-thirds  around  the  trachea.  These  semi- 
lunar cartilages  are  connected  at  their  free  ends  by  transverse 
bundles  of  non-striated  muscle-fibres. 

Bloodvessels,  nerves,  and  lymphatics  suj^plying  the  trachea 
are  in  the  mucous  and  submucous  coats,  the  bloodvessels  sur- 
rounding the  acini  of  the  glands  in  a capillary  network.  The 
lymphatics  occur  also  as  solitary  follicles  in  the  submucosa. 

The  larger  bronchial  tubes  are  similar  in  structure  to  tlie 
trachea,  but  as  they  become  smaller  the  cartilaginous  rings 
are  gradually  reduced  in  size,  until  finally  they  disa])pear ; 
the  muscle-fibres,  however,  increase  in  number,  while  the 
lining  epithelium  is  reduced  to  a single  layer  of  columnar 
ciliated  cells.  The  bronchi  become  reduced  in  size  bv  con- 
tinual  subdivision  until  they  form  the  termwcd  bronchi.  These 
open  into  the  alveolar  ducts,  whose  walls  are  much  thinner 
and  are  lined  with  flat  polygonal  cells.  The  alveolar  ducts 
terminate  in  blind  sacs,  the  infundibula,  the  walls  of  which 
are  surrounded  by  the  air-sacs,  the  latter  communicating 
freely  with  the  cavities  of  the  infundibula. 

THE  LUNGS. 

The  lungs  consist  of  a number  of  air-sacs,  or  alveoli, 
grouped  together  and  opening  into  an  inf  undibulum  or  pouch. 
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These  are  enclosed  in  connective  tissue  to  form  lobules,  and 
the  lobides  are  grouped  into  lobes. 

The  lungs  resemble  in  structure  and  development  compound 
racemose  glands.  The  air-sacs,  or  alveoli,  represent  the  acini 


Fjg.  84. 


Section  of  lung  of  the  dog : a,  alveolar  passage  opening  into  an  infundibulum  and 
also  into  a solitary  alveolus;  h,  cross-section  of  an  infundibulum.  The  dotted  line 
indicates  the  limits  of  the  infundibular  space.  Opening  into  it  are  a number  of 
alveoli.  Were  the  dotted  line  removed,  the  infundibular  cross-section  and  the 
alveoli  around  if  would  form  a stellate  space  in  the  section,  c,  junction  of  two 
radicles  of  the  pulmonary  vein.  At  the  top  of  the  section,  to  the  right,  is  an  oblique 
section  of  a bronchiole.  (Dunham.) 


of  racemose  glands,  while  the  infundibulum,  into  which  they 
open,  resembles  the  duct  of  the  gland.  The  elastic  tissue  of 
the  infundibulum  is  arranged  circularly  at  the  outlet  of  the 
air-sacs,  and  gives  off  fibres  which  form  the  framework  of 
same. 
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The  air-sacs  constitute  the  bulk  of  the  lung,  and  tlieir  walls 
are  composed  of  a tibroelastic  tissue  framework,  an  epithelial 
layer,  and  a meshwork  of  tine  capillaries.  The  tibroelastic 
tissue  derived  from  the  infundibulum  forms  the  framework 
which  supports  the  lining  e])ithelium  as  well  as  tlie  capillary 
vessels.  This  interlobular  connective  tissue  usually  contains 
a considerable  amount  of  pigment,  as  coal-dust  breathed  into 

Fig.  85. 


r 


Diagram  of  air-vesicles  and  termination  of  bronchi ; B,  terminal  bronchiole  (the 
line  leads  from  a terminal  artery) ; A,  P,  alveolar  passages ; S,  infundibulum  ; C,  air- 
vesicle  ; T,  beginning  vein.  (Miller.) 


the  lungs.  The  lymphatic  vessels  convey  this  foreign  mate- 
rial to  the  lymph-glands  at  the  base  of  the  bronchi,  and  there 
it  is  reclaimed. 

The  epithelium  consists  of  a single  layer  of  flat  endothelial 
cells  or  plates,  some  few  simple  polyhedral  cells  being  also 
present. 

The  bloodvessels  of  the  lungs,  as  in  the  liver,  comprise  two 
distinct  sets,  one  supplying  the  framework  of  the  organ  with 
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nutrition,  the  bronchial  arteries,  and  the  other,  the  pulmonary 
arteries,  carrying  blood  to  the  lungs,  to  undergo  a change  in 
composition,  thereby  fulfilling  the  respiratory  function.  The 
blood v^essels  enter  at  the  root  of  the  lung  and  follow  the 
bronchial  tubes  to  their  smallest  ramifications.  Here  the 
branches  of  the  pulnionarv  artery  surround  the  base  of  the 
air-sacs,  and  small  capillaries  are  given  off  which  surround 
each  alveolus.  This  blood  is  aerated,  and  is  carried  away  by 
the  radicles  of  the  pulmonary  vein.  The  blood  for  the  nutri- 
tion of  lung  structure  takes  the  same  course,  but  ends  in  the 
connective-tissue  structures  of  the  lungs. 

A superficial  and  a deep  set  of  lymphaticH^  originating  in  the 
connective-tissue  septa,  as  well  as  a third  set  arising  from  the 
bronchial  mucosa,  are  found,  terminating  in  the  bronchial 
glands. 

Nerves,  meduUated  and  non-medullated,  from  both  the  sym- 
])athetic  and  cerebrospinal  systems,  follow*  the  air- tubes  to 
their  terminal  ramitications,  supplying  the  muscles,  the  mucous 
membrane,  and  also  the  walls  of  the  bloodvessels.  Small 
ganglia  are  found  in  the  course  of  the  lymphatic  nerve-fibres. 
Their  exact  ending  is  not  definitely  known. 


THE  PLEURiE. 

The  pleurae  are  serous  sacs,  consisting  of  a visceral  and  a 
parietal  layer,  the  visceral  layer  being  closely  adherent  to  the 
lung-tissue,  while  the  parietal  layer  is  loosely  attached  to  the 
walls  of  the  thoracic  cavity.  They  consist  of  an  inner  lining 
of  flattened  endothelial  cells  and  an  outer  coat  of  fibroelastic 
tissue,  having  at  some  points  a subpleural  tissue  containing 
bundles  of  iinstriated  muscle-fibres.  The  endothelium  con- 
tains numerous  small  openings  or  stomata,  which  communi- 
cate with  the  lym])hatic  spaces  within  the  adjoining  tissue. 
This  subpleural  tissue  supports  the  blood-  and  lymphatic 
vessels  as  well  as  the  nerves  to  the  pleura. 

THE  THYROID  GLAND. 

The  thyroid  gland  is  usually  considered  in  connection  with 
the  respiratory  organs  on  account  of  its  anatomical  relations 
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to  these  structures.  It  is  a compouiul  tubular  gland  of  the 
‘^ductless  type/’  its  excretory  duct  having  become  obliterated 
in  early  embryonic  life.  The  thyroid  gland  is  suj)poscd  to 
have  an  internal  secretion  which  affects  the  general  metabo- 
lism of  the  system,  but  it  is  often  seen  in  an  enlarged  patho- 
logical state  called  goitre. 

Fig.  86. 


Alveoli  of  thyroid  gland.  (Dnnhain.) 


The  adult  thyroid  gland  is  covered  by  a dense  capsule  of 
fibrous  connective  tissue,  projections  from  which  extend  into 
its  substance  and  divide  the  gland  into  lobes,  the  lobes  being 
composed  of  lobules  and  the  latter  of  tubular  acini. 

The  achii  are  spherical  sacs  with  no  outlet  or  duct,  and  are 
lined  with  a single  layer  of  cuboidal  e])ithelium.  These  cells 
often  contain  refractive  granules  in  their  ])rotoplasm  and  have 
a nucleus  near  the  centre  of  the  cell.  These  acini  are  filled 
with  a characteristic  homogeneous  mass,  the  colloid  suhstauce, 
within  which  are  leucocytes,  red  blood-cells,  and  detached 
epithelium.  These  acini  are  se})arated  from  each  other  by 
very  little  connective  tissue  and  lie  close  together. 
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The  blood-supplif  is  very  abundant,  the  larger  vessels  enter- 
ing between  the  lobes  and  lobules  to  break  up  into  a capil- 
lary network  around  the  acini. 

The  lifinphatics  are  numerous,  consisting  of  a deep  and  a 
superficial  set,  the  superficial  set  of  vessels  being  supplied 
with  valves. 

The  nerves  are  few,  and  chiefly  derived  from  the  sympathetic 
system,  and  are  distributed  to  the  walls  of  the  bloodvessels. 

DEVELOPMENT  OF  THE  RESPIRATORY  ORGANS. 

These  structures  are  developed  as  an  outgrowth  from  the 
entodermic  alimentarv  canal  in  a similar  manner  to  the 
(hivelopment  of  the  liver  and  pancreas.  The  ventral  wall  of 
the  oesophagus  pushes  out  a pulmonary  groove,  which  descends 
for  some  distance,  and  becomes  expanded  and  divides  into 
two  lateral  diverticula,  which  subdivide  into  three  branches, 
one  on  the  right  and  two  on  the  left  side,  which  later  become 
the  bulbs  of  the  lungs. 

The  uj^per  end  of  this  pulmonary  groove  becomes  the 
larvnx,  while  the  middle  portion  becomes  the  trachea.  By 
continued  division  the  original  diverticula  form  the  small 
bronchioles  and  air-sacs.  The  mesodermic  tissue  surrounds 
the  entodermic  diverticula,  and  into  this  the  epithelial  tubes 
grow,  forming  in  this  manner  the  connective-tissue  framework 
of  the  lung.  The  thyroid  is  developed  as  an  outgrowth  from 
the  entodermic  lining  of  the  ])rimitive  pharynx.  This 
grows  into  the  surrounding  mesoderm  in  the  form  of  epithe- 
lial cords,  the  latter  becoming  hollow  and  appearing  as  tubular 
glands.  The  surrounding  mesodermic  tissue  divides  the 
gland  into  lobules  and  acini,  forming  the  framework  of  the 

QUESTIONS. 

Name  the  respiratory  organs. 

Descril)e  the  larynx. 

What  are  the  voeal  cords  composed  of? 

Describe  the  trachea. 

Where  does  the  cartilage  leave  off  and  the  muscle  take  its  place? 

Describe  the  air-passages  from  the  trachea  to  the  alveolar  ducts. 

Of  what  do  the  lungs  consist? 

Describe  the  air-sacs. 
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Describe  tlie  blood-supply  to  the  lungs. 

What  are  the  pleurtB?  Describe  their  structure. 

What  type  of  gland  is  the  thyroid?  Describe  its  acini. 

From  what  embryonic  structures  are  the  respiratory  organs  developed  ? 
Describe  the  process. 

From  what  layer  of  the  blastoderm  is  the  epithelium  derived? 

From  what  is  the  connective  tissue  derived  ? 

Describe  the  development  of  the  thyroid  gland. 


CPI  AFTER  XIII. 

THE  SKIN  AND  ITS  APPENDAGES. 

The  skin,  which  covers  the  whole  outer  surface  of  the 
human  bodv,  consists  of  two  portions,  the  outer,  epidermis  or 
cuticle,  which  is  an  epithelial  layer  and  of  ectodermic  origin, 
and  the  inner,  coriurn  or  true  skin,  which  is  composed  of 
connective  tissue  and  derived  from  the  mesoderm.  Below 
this  layer  is  the  subcutaneous  tissue,  which  separates  the  skin 
from  the  adjacent  structures.  The  epidermis  is  the  thin  outer 
layer  of  the  skin,  composed  of  stratified  squamous  epithelium, 
and  varies  in  thickness  in  different  regions  of  the  body.  It 
rests  upon  the  coriurn,  whose  surface  is  thrown  into  papillie, 
the  under  surface  of  the  epidermis  showing  depressions  corre- 
sponding to  these  papillae  when  separated  from  the  underlying 
layer.  Two  layers  of  cells  are  distinguished  in  the  epidermis, 
the  inner  darker,  stratum  Malpighii,  and  the  outer  clearer, 
stratum  corneum. 

The  stratum  Malpighii,  beginning  with  those  cells  ])laced 
next  to  the  coriurn  and  resting  upon  a thin  basement-mem- 
brane, is  first  composed  of  a layer  of  columnar  cells,  rich  in 
nuclear  substance  and  staining  deeply.  As  they  ascend,  the 
columnar  shape  changes  more  to  polyhedral,  the  cells  becoming 
broader,  some  of  which  are  surrounded  by  delicate  spines, 
being  known  as  the  prickle  cells.  Next  to  these  cells  is  a 
layer  of  flattened  spindle-shaped  cells  with  pecnliar,  grannlar 
contents,  consisting  of  eleidin,  called  the  stratum  granulosum. 
Above  these  is  found  a layer  of  large,  flat,  polyhedral  cells, 
whose  protoplasm  has  undergone  a change  into  keratin,  called 
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the  stratum  lucldum.  The  stratum  corneum  is  above  or  exter- 
nal to  the  last-named  layer,  and  is  composed  ot  large,  tlat- 
tened,  horny  cells  or  scales,  without  nuclei,  and  undergoing 
acsquamation.  This  continual  loss  to  vvliicl.  tlie  skin  is  sub- 
jected  by  desquamation  is  overcome  by  a continual  growth 


Section  of  luiman  skiii:  of  coriuni ; 

•anulosnm;  t/,  stratum  straight  portions  of  duct  oi  sweat- 

coiled 'iHSiSf  of  1.  vascular  loops  occupying  papllto  of 

triuin.  (Piersol.) 

f new  cells,  which  ]iass  through  the  different  forms  from  the 
rst  layer  of  the  stratum  Malpighii  up  until  they  appear  at 

Ua  Qiirfice  of  the  stratum  corneum.  . 

The  deeper  cells  of  the  stratum  Malpighii  often  contam 
.ignmirt-granules,  giving  the  characteristic  color  to  the  dif- 


Fid.  87. 
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ferent  races.  In  the  white  race  a l^rown  ])igmeiit  occurs  in 
various  places,  as  tlie  skin  of  the  scrotum,  the  nipple,  around 
the  anus  and  the  labia  majora,  while  much  coloring-matter  is 
found  in  the  skin  of  the  negro.  In  this  latter  skin  tlie  color 
is  due  to  fine  })igment-granules  in  the  epidermal  cells  of  the 
deepest  layer  of  the  stratum  Malpighii  and  in  the  upper  sur- 
face of  the  coriiim.  A very  thin,  structureless  mend^rane,  the 
basal  membrane,  separates  the  epidermis  from  the  corium. 

The  corium,  dermis,  or  true  skin,  is  composed  of  an  outer 
layer,  the  stratum  pajyillare,  and  an  inner  layer,  the  stratum 
retieulare. 

The  stratum  papillnre  is  composed  of  dense  fibroelastic 
tissue,  containing  some  non-striated  muscle-fibre,  and  is  raised 
into  conical  elevations,  the  p)apiU(je.  The  papillae  are  various 
sizes,  connected  to  the  corium  by  a thiu  base,  their  free 
extremity  often  being  divided  into  two  or  more  parts.  They 
contain  the  nerve-terminals  and  capillary  bloodvessels,  being 
especially  well  developed  in  the  palms  of  the  hands  and  soles 
of  the  feet. 

Tlie  stratum  reticidare  is  composed  of  a less  dense  con- 
nective tissue,  which  gradually  merges  into  the  underlying 
subcutaneous  tissue. 

Tlie  subcutaneous  tissue  is  made  up  of  fibroelastic  and  mus- 
cular tissues,  the  meshes  of  which  usually  contain  masses  of 
fatty  tissue,  varying  in  amount  in  different  parts  of  the  body. 

The  muscular  tissue  in  certain  regions  is  very  distinct,  as 
in  the  dartos  of  the  scrotum. 

THE  HAIR. 

The  hair  is  considered  as  a special  differentiation  of  the 
skin,  and  is  derived  from  the  epidermis  ; therefore  it  is  of 
ectodermic  origin.  It  occurs  over  the  entire  extent  of  the 
skin,  except  the  palms  of  the  hands,  the  soles  of  the  feet,  and 
the  red  borders  of  the  lips,  and  is  especially  abundant  in 
some  regions,  such  as  the  scalp.  The  jiortion  of  the  hair 
above  the  skin  is  called  the  shaft,  while  that  embedded  in 
the  skin  is  the  root. 

The  root  has  an  enlargement  at  its  lower  extremity,  lighter 

10— Ilis. 
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in  color  than  the  shaft,  called  the  hulb^  into  which  a highly 
vascular  ])apilla  of  the  corinin  projects,  and  is  surrounded 
by  a sheath,  the  hair-foil ide.  The  hair  is  composed  of  three 
layers,  the  cuticle,  the  cortex,  and  the  medulla. 

Tlie  ciitide  consists  of  a single  layer  of  thin,  transparent, 
horny,  epithelial  cells  or  scales,  overlapping  each  other  and 
containing  no  nuclei  in  the  upper  part  of  the  root  and  shaft. 

Fig.  88. 


Microscopic  section  of  skin,  showing-  the  epidermis  and  derma;  a hair  in  its  follicle ; 
the  erector  pili  mnscle;  sebaceous  and  sudoriferous  glands.  (Gray.) 

but  in  the  bulb  are  cells  richer  in  protojdasm  and  having  dis- 
tinct flattened  nuclei.  The  overlapping  edges  form  irregular 
transverse  markings  on  the  surface  of  the  shaft. 

The  corte.r  consists  of  several  strata  of  long  flattened  cells 
containing  oval  nuclei.  They  are  so  closely  cemented  together 
that  at  times  the  individual  cell-walls  can  not  be  distin- 
guished. These  cells  lie  with  their  long  axes  parallel  to  the 
hair-shaft  and  cause  the  hair  to  appear  longitudinally  striated. 

A variable  amount  of  pigment  is  deposited  within  and 
between  the  cells  of  the  cortex,  the  amount  depending  on  the 
color  of  the  hair. 
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The  medulla,  whicli  is  usually,  not  however  always,  present, 
is  situated  in  the  central  part  of  the  shaft,  and  is  composed 
of  a structure  of  polygonal,  nucleated,  and  pigmented  cells. 
Often  these  cells  contain  air-bnbbles,  which,  with  the  pig- 
ment in  the  cortex  and  medulla,  determine  the  color  of  the 
hair. 

The  hair-folliele  is  a tubular  involution  of  the  epidermis 
and  corium,  lying  perpendicnlar  or  oblique  to  the  surface, 
and  encloses  the  bulb  of  the  shaft. 


Fig.  89. 


Hair-follicle  from  the  human  scalp  ; cross-section  from  middle  third  of  the  fol- 
licle : b,  longitudinal  and  encircling  layers  of  the  fibrous  coat ; c,  hyaline  layer, 
formed  of  an  outer  faintly  fihrillated  and  an  inner  non-homogeneous  lamina,  c' ; 
e,  outer  root-sheath,  continuous  with  rete  mucosum  of  epidermis  ; /,  Henle’s  sheath  ; 
P,  Huxley’s  layer ; h,  cuticle  of  root-sheath  ; k,  cuticle  of  hair ; I,  cortical  cells  of  the 
hair ; m,  medulla.  (Mertsching.) 


The  ducts  of  one  or  more  sebaceous  glands  open  into  the 
upper  half  of  the  follicle.  Small  bands  of  involuntary  muscle, 
attached  at  one  end  to  the  fibrous  coat  of  the  hair-follicle 
below  the  sebaceous  glands,  at  the  other  end  to  the  corinm, 
are  present.  These  are  the  eredores  pilorum,  which  when 
they  contract  elevate  the  hair,  causing  a contraction  of  the 
surrounding  epidermis  with  the  appearance  of  the  character- 
istic goose-skin,  or  cutis  anserina. 

The  hair-follicle  is  comjiosed  of  a fibrous  and  an  e]hthelial 
coat.  The  outer  or  fibrous  coat  consists  of  three  layers  : an 
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outer,  consisting  of  longitudinal  bundles  of  connective  tissue, 
containing  tlie  bloodvessels  and  nerves ; a middle  circular, 
made  up  of  spindle-shaped  cells ; and  an  inner,  clear,  or  hya- 
line membrane,  which  acts  as  a basement-membrane  for  the 
cells  ot  the  preceding  coat.  The  epithelial  portion  of  the 
follicle  is  composed  of  two  zones,  known  as  the  inner  and 
the  outer  root-sheaths. 

The  outer  root-sheath  is  a continuation  of  the  stratum  Mal- 
pif/hii,  consisting  of  prickle-cells  surrounded  by  columnar 
cells,  the  same  as  in  the  corresponding  part  of  the  adjacent 
skin. 

The  inner  root-sheath  is  composed  of  three  layers  : 

The  outer,  or  Henle^s,  layer  consists  of  clear,  flattened,  non- 
nucleated  cells. 

The  middle,  or  IIuxley\s,  layer  is  somewhat  thicker  and 
consists  of  polyhedral  nucleated  cells  containing  eleidin. 

The  inner,  or  cuticularj  layer  is  composed  of  transparent 
overlapping  plates  lying  against  the  cuticle  of  the  hair. 

THE  SEBACEOUS  GLANDS. 

T1  lese  glands,  which  are  distributed  over  almost  the  entire 
surface  of  the  body,  are  situated  in  the  corium  of  the  skin, 
and  their  ducts  open  into  the  hair-follicles  and  upon  the  free 
surface  of  the  skin  where  the  hairs  are  absent.  These  glands 
are  not  found  in  the  palms  of  the  hands  and  the  soles  of  the 
feet.  They  are  small  racemose  glands,  consisting  of  short 
ducts  lined  with  a stratified  scaly  epithelium,  emptying  the 
acini,  which  are  lined  with  long  cuboidal  cells,  and  are  sur- 
rounded by  a connective-tissue  capsule  derived  from  the 
corium  or  the  hair-follicle.  These  cells  secrete  the  sebum 
witli  which  the  lumen  of  the  acini  are  usually  filled.  It  is 
a semisolid,  oily  substance  mixed  with  degenerated  cells  and 
granular  debris. 

THE  SWEAT-GLANDS. 

The  sweat-  or  sudoriparous  glands  are  a modification  of 
simple  tubular  glands,  and  begin  as  a convoluted  mass  in  the 
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subcutaneous  layer  of  the  skin,  and  pass  up  toward  the  sur- 
face as  a straight  excretory  duct  until  the  stratum  corium  is 

O ^ 

reached,  when  the  duct  becomes  wavy  and  terminates  in  a 
funnel-shaped  orifice  opening  on  the  free  surface  of  the  skin. 
Tliey  are  widely  distributed  over  the  surface  of  the  skin, 
with  the  exception  of  the  inner  surface  of  the  prepuce,  the 
glans  penis,  and  the  red  border  of  the  lips,  and  have  an 
important  role  to  perform  physiologically. 

The  Gonvolided  tubules  in  the  subcutaneous  tissue  are  lined 
with  a single  layer  of  columnar  secreting  cells,  containing  a 
fatty  granular  substance  and  resting  upon  a distinct  base- 
ment-membrane. Between  the  epithelial  cells  and  the  base- 
ment-membrane is  a thin  layer  of  involuntary  muscle-fibre, 
especially  well  developed  in  the  lower  glands. 

The  straight  'portion  of  the  excretory  duct  is  smaller  in 
diameter  than  the  tubules  of  the  gland  proper,  and  is  lined 
with  cuboidal  or  low  columnar  epithelial  cells,  situated  on  a 
basement-membrane  and  surrounded  by  a delieate  connective- 
tissue  coat. 

In  the  spiral  poi'tion  of  the  duct  its  distinct  walls  are  lost, 
and  it  is  lined  with  the  horny  cells  of  the  epidermis.  The 
secretion  of  these  glands  depends  on  loeation  of  the  glands, 
those  situated  in  the  axilla  and  around  the  anus  secretino;  a 
thick,  oily  substance,  while  those  of  other  parts  of  the  body 
secrete  a colorless  fluid,  the  sweat  proper. 

These  glands  have  a rich  nerve-supply  of  non-medullated 
fibres,  which  form  a fine  network  on  the  outer  surface  of  the 
membrana  propria.  They  pass  through  the  basal  membrane 
and  end  among  the  gland-cells  as  fine  end-bulbs. 

THE  NAILS. 

The  nails  are  made  up  of  the  hody^  which  is  the  large 
exposed  area;  the  free  edge,  which  is  the  anterior  projection 
from  the  body ; and  the  root,  that  portion  extending  under  the 
nail-groove  or  -fold.  The  borders  of  the  nail  at  the  side  are 
covered  by  the  nail-wall.  The  nail  is  a development  of  the 
stratum  lucidum  of  the  skin,  and  is  composed  of  layers  of 
horny  nucleated  epithelial  cells.  It  rests  upon  the  nail-bed, 
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the  posterior  portion  of  the  nail-bed  which  is  covered  by  the 
root  being  the  matrix.  The  groove  existing  between  the  nail- 
wall  and  nail-bed  is  known  as  the  sulcus  of  the  matrix.  The 
nail-bed  consists  of  the  corinm  and  of  the  epidermis,  the 
epidermal  portion  corresponding  to  the  stratum  Malpighii  of 
the  ordinarv  epidermis.  True  ])apill0e  are  not  present  on 
th  is  part  of  the  corinm,  longitudinal  ridges,  however,  being 
formed,  whicli  again  become  continuous  with  the  papillae  of 
the  skin  at  the  ])oint  where  the  nail  parts  from  its  bed. 

The  matrix,  made  up  of  corium  and  epidermis,  has  papillae 
on  its  surface  covered  with  stratified  scaly  epithelium.  These 


Fig.  90. 


Section  through  the  root  of  the  nail  of  a sixth-months  foetus,  a,  matrix  of  the 
nail  formed  by  an  invagination  of  the  rete  mncosnm.  Near  the  point  indicated  by 
tlie  letter  the  epithelial  cells  have  begun  to  change  into  keratoid  material,  b, 
loosened  scales  of  the  surface  of  the  nail ; c,  remains  of  the  foetal  cuticle  which 
have  not  become  keratoid.  The  letter  a and  line  proceeding  from  it  both  lie  in  the 
corium.  (Ernst.) 


epithelial  cells  multiply  and  form  the  horny  cells  of  the  nail, 
and  as  multiplication  takes  place  the  nail  is  pushed  forward. 
The  growth  of  the  nail  thus  proceeds  from  behind  forward 
by  a transformation  of  the  matrix-cells  into  true  nail-cells 
taking  place  at  the  posterior  and  the  lateral  borders  as  well 
as  at  the  lower  and  often  upper  surface  of  the  nail-root.  The 
anterior  extremity  of  the  matrix  is  marked  by  the  convex 
border  of  the  lunula,  an  opaque  area  which  can  be  seen  just 
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in  front  of  the  nail-fold.  The  nail-root  is  of  a lights  opaque 
color,  in  contrast  to  the  pink  of  the  nail-hody.  The  nail-wall 
and  nail-fold  are  the  same  as  ordinary  skin. 

THE  BLOOD-,  LYMPH-,  AND  NERVE-SUPPLY  OF  SKIN. 

The  arteries  form  a plexus  in  the  subcutaneous  tissue, 
sending  branches  from  here  to  the  hair-follicles,  adipose  tissue, 
and  sweat-glands.  A second  plexus,  formed  by  branches  from 
these  vessels,  is  found  immediately  beneath  the  corium,  small 
capillary  vessels  being  given  oft*  which  go  to  suj)ply  the 
papillae. 

The  veins  form  four  networks  parallel  to  the  surface  in  the 
papillae  of  the  corium. 

Lymphatics  originate  in  the  cell-sjiaces  of  the  various  tissues, 
uniting  to  form  a superficial  and  a deep  plexus,  which  commu- 
nicate with  each  other. 

The  nerves  enter  the  subcutaneous  tissue,  from  where  they 
give  off  numerous  branches,  some  ending  in  the  sebaceous 
glands  and  involuntary  muscles,  others  passing  uj)  toward  the 
surface  and  ending  in  the  papillae  of  the  corium.  Some 
branches  have  free  endings  between  or  beneath  the  e])ithelial 
cells,  while  others  terminate  in  special  end-organs,  such  as 
the  tactile  corpuscles  of  Meissner  and  the  corpuscles  of  ^\der. 

DEVELOPMENT  OF  THE  SKIN  AND  ITS  APPENDAGES. 

The  epidermis  is  derived  from  the  ectoderm  and  the  corium 
from  the  mesoderm.  The  nails  and  hair  are  outgrowths  from 
the  epithelial  layer,  and  the  glands  are  invaginations  of  the 
same  layer.  The  corium,  the  connective-tissue  part  of  the 
skin,  is  an  outgrowth  of  the  cutis  pdates  of  the  primitive  seg- 
ments, or  somites.  Pa])illae  form,  and  about  the  fifth  month 
the  meshes  of  the  subcutaneous  tissue  begin  to  be  filled  with 
fat  and  are  differentiated  from  the  overlvin^  corium.  The 
epidermis  in  the  earliest  stage  of  develo])ment  consists  of  a 
single  layer  of  low  cuboidal  cells ; later  another  layer  super- 
ficial to  this  becomes  differentiated,  known  as  the  epitrichium. 

These  two  strata  probably  correspond  to  the  corneous  and 
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Malpigliian  la}x^rs  of  the  fully  developed  epidermis.  The 
nails  are  developed  by  a specialization  of  the  stratum  lucidurn. 
The  primitive  epidermis  becomes  thicker  over  the  ends  of  the 
lingers  and  toes^  followed  by  the  formation  of  a furrow  and 
an  ingrowth  of  the  Malpighian  strata  to  form  the  root.  This 
is  followed  by  an  increase  in  the  cells  of  the  stratum  lucidurn 
and  the  appearance  of  eleidin  in  the  superficial  cells  of  the 
stratum  Malpighii  with  the  formation  of  the  nail-body  as  the 
result.  The  superficial  layer  of  the  epidermis  covering  the 
primitive  nail  is  gradually  thrown  off,  followed  by  the  sepa- 
ration of  the  end  of  the  nail  from  its  bed,  forming  a free  edge 
due  to  a desquamation  of  the  stratum  luciduni.  The  hairs 
are  developed  by  a plug  of  epithelial  cells  growing  down 
toward  the  underlyino:  eorium.  These  cells  form  the  hair- 
follicle.  Each  of  these  tubular  prolongations  is  met  by  a 
papillary  outgrowth  from  the  eorium,  and  from  these  struct- 
ures are  derived  the  hair  and  its  inner  root-sheath,  thus 
making  the  hair  of  both  ectodermic  and  mesodermic  origin. 

Tlie  lanw/Oj  or  primary,  hair  is  shed  about  the  time  of  birth 
or  soon  after,  and  is  followed  by  the  more  permanent  hairs. 

The  sehaceous  glanch  develop  as  buds  from  the  outer  root- 
sheath.  These  buds,  at  first  solid,  grow  out  into  the  sur- 
rounding structures,  become  hollow  tubes  by  a disintegration 
of  the  central  cells,  which  have  undergone  a fatty  degenera- 
tion and  produced  a sebaceous  secretion,  and  form  the  primi- 
tive sebaceous  glands. 

The  sweat-glands  are  invaginations  or  ingrowths  of  cells 
from  the  epidermis  into  the  eorium.  At  first  solid,  like  the 
beginning  sebaceous  glands,  they  later  become  tubular,  the 
epidermal  cells  forming  their  lining,  while  the  connective- 
tissue  sheath  and  basement-membrane,  u])on  which  they  rest, 
are  derived  from  the  surrounding  mesodermic  structures  of 
the  eorium. 

The  non-striated  muscle-fibres  of  the  sweat-glands,  situated 
between  the  basement-membrane  and  the  lining  epithelium, 
are  derived  from  the  ectoderm,  this  being  the  only  exce])tion 
where  muscle-tissue  is  not  derived  from  the  mesodermic  layer 
of  the  blastoderm. 
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QUESTIONS. 

Of  wliat  parts  does  the  skin  consist  ? 

Name  the  two  layers  of  the  epidermis. 

Describe  the  stratum  Malpighii. 

Describe  the  stratum  coriieum. 

What  are  the  prickle-cells? 

Describe  the  layers  of  the  corium. 

What  is  the  subcutaneous  tissue? 

What  is  the  hair? 

Name  the  parts  of  a hair. 

Of  what  layers  is  the  hair  composed?  Describe  each  layer. 

Describe  the  hair-follicle. 

Of  what  does  the  epithelial  portion  of  the  follicle  consist? 

Where  are  the  sebaceous  glands  found  ? What  variety  of  glands  are  they  ? 
Describe  their  acini. 

What  are  the  sweat-glands  ? Name  the  parts. 

Describe  the  convoluted  tubules. 

Describe  the  straight  and  the  spiral  tubules. 

Name  the  parts  to  the  nail. 

Describe  the  nail-bed,  the  groove,  and  the  matrix. 

How  does  the  nail  grow  ? 

From  what  layer  is  the  epidermis  derived? 

From  what  layer  is  the  corium  derived? 

How  are  the  nails  and  hair  formed  ? 

From  what  primitive  structure  is  the  corium  derived? 

Of  what  does  the  epidermis  consist  in  its  earliest  stage? 

Describe  the  development  of  sebaceous  and  sweat-glands. 


CHAPTER  XIV 


THE  CENTRAL  NERVOUS  SYSTEM. 


THE  MEMBRANES. 

The  spinal  cord  and  brain  are  enveloped  by  three  mem- 
branes : the  duyxt  mater,  or  outer ; the  arachnoid,  or  middle  ; 
and  the  pia  mater,  or  inner.  These  furnish  protection  and 
support  the  bloodvessels. 

The  dura  mater  is  the  outer  membrane,  and  is  com}K^sed 
of  bundles  of  dense  fibroelastic  tissue,  containing  in  its  meshes 
flat  connective-tissue  cells.  Plasma-cells  are  also  found, 
especially  in  the  superficial  layers.  The  dura  covering  the 
cord  and  brain  differ  in  a few  respects.  The  dura  of  the 
brain  is  comjtosed  of  two  layers.  The  outer  layer  is  attached 
to  the  inner  side  of  the  cranial  bones,  forming  their  periosteum. 
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It  is  separated  from  tlie  inner  layer  at  eertain  j)oints,  forming 
venous  sinuses  and  lymph-spaces.  The  inner  layer  is  of  the 
same  strueture  as  tlie  outer,  and  is  lined  internally  with  flat- 
tened endothelial  cells.  It  dips  down  between  the  fissures  of 
tlie  cerebrum  and  cerebellum.  Between  the  outer  layer  and 
the  cranial  bones  occurs  the  epidural  .spocc,  filled  with  lymph- 
atics. Beneath  the  inner  layer  of  the  dura  mater  is  the  suh- 
dural  spxiee.  The  nerve-  and  blood-sujiply  are  abundant. 
The  nerves  follow  the  course  of  the  arteries,  some  of  which 
end  in  the  vessel-walls.  The  cerebral  veins  empty  directly 
into  the  venous  sinuses  between  the  two  layers  of  the  dura. 

The  dura  mater  of  the  cord  is  of  the  same  structure,  having 
its  fibrous  bundles  arranged  longitudinally.  It  is  separated 
from  the  vertebral  column  by  the  epidural  space,  which  is 
filled  by  a lymphatic  and  a venous  plexus.  It  does  not  form 
the  periosteum  for  the  bones  of  the  vertebral  column,  nor 
does  it  divide  to  form  venous  sinuses  or  dip  into  the  fissures 
of  the  cord.  The  dura  of  the  cord  is  poorly  sup[)lied  with 
bloodvessels  and  nerves. 

The  arachnoid,  or  middle  membrane,  is  composed  of  several 
layers  of  a very  delicate  and  loose  connective  tissue,  covered 
on  its  free  surfaces  with  endothelium.  It  is  separated  from  the 
dura  above  by  the  subdural  s]>ace,  and  below  it  is  separated 
from  the  pia  mater  by  the  sub arachnoidean  space.  Numerous 
bands,  or  trabecuhc,  covered  with  endothelium,  connect  the  pia 
mater  and  arachnoid.  At  certain  points  the  outer  surface  is 
raised  into  villous  projections  consisting  of  a connective-tissue 
base  with  an  endothelial  covering.  Along  the  superior  longi- 
tudinal sinus  these  villi  form  the  Pacchionian  bodies,  due  to  a 
hypertrophy  of  their  elements,  with  an  increase  in  size  follow^- 
ing.  Their  growth  ])ushes  the  dural  coverings  before  them 
until  they  reach  the  cranial  bones.  Here  by  continual  press- 
ure a portion  of  the  bone  is  absorbed,  leaving  the  characteristic 
depression  on  the  inner  side  of  the  cranial  bones.  Unlike 
the  dura,  the  arachnoid  contains  neither  bloodvessels  nor 
nerves. 

The  pia  mater,  or  inner  membrane,  is  composed  of  two 
layers.  The  outer  layer  consists  of  longitudinally  arranged 
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bundles  of  connective  tissue,  containing  many  elastic  fibres. 
This  layer  is  highly  vascular,  and  is  covered  externally  with 
endothelium  where  it  forms  tlie  inner  wall  of  tlie  subarach- 
noidean  space.  The  inner  layer  is  made  up  of  the  same 
tissue,  only  finer  in  structure  and  covered  on  both  surfaces 
with  endothelium.  It  is  intimately  adlierent  to  brain  and 
cord,  dipping  down  into  all  the  sinuses  and  fissures.  The 
inner  layer  accompanies  the  bloodvessels  to  the  interior  of  the 
brain,  forming  the  choroid  [dexus,  which  is  suspended  in  the 
form  of  lobules  or  villous-like  projections  within  the  ventri- 
cles. Between  the  two  layers  are  a number  of  lymph-spaces 
and  also  bloodvessels.  The  pia  mater  is  supplied  by  both 
medullated  and  non-medullated  nerves,  usually  ending  in  the 
walls  of  the  bloodvessels. 

The  pia  mater  of  the  cord  is  divided  into  two  layers:  the 
outer,  which  somewhat  resembles  the  arachnoid  and  joins  the 
connective-tissue  strands  passing  across  the  subarachnoidal 
space;  and  the  inner  (pia  mtima),  which  is  a thin  membrane 
of  connective-tissue  bundles  circularly  arranged. 

The  pia  mater  of  the  brain  is  somewhat  similar  to  the  pia 
intirna  of  the  spinal  cord. 


THE  SPINAL  CORD. 

The  spinal  cord  is  a cylindrical  column  of  nervous  matter, 
extending  from  the  atlas  to  the  first  lumbar  vertebra,  and 
ending  in  a cone-shaped  point,  the  conus  termmatls,  which  is 
continued  downward  for  a variable  distance  as  the  filum  ter- 
minale.  It  is  composed  of  gray  matter  internally,  and  white 
matter  externally,  the  whole  enveloped  by  a sheath  of  con- 
nective tissue,  the  pia  mater,  which  contains  the  bloodvessels. 
It  has  two  enlargements,  the  cervical  and  lumbar,  and  is 
divided  into  symmetrical  lateral  halves  by  a broad  and  shal- 
low anterior  median  fissure ^ and  ])osteriorly  by  an  ingrowth 
or  projection  of  the  pia  mater,  forming  a fibrous  septum  called 
the  posterior  median  fissure. 

The  arrangement  and  relations  of  the  gray  and  white  sub- 
stances are  best  seen  in  transverse  sections.  The  gray  matter 
occupies  the  centre  of  the  cord,  and  is  arranged  as  a crescent 
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ill  each  licmisiihere  connected  by  a horizontal  bridge,  the 
(jrciy  commissure,  the  whole  thus  resembling  the  letter  H. 
i he  crescents  are  directed  anteroposteriorly,  and  each  have 
an  anterior  and  a posterior  horn. 

The  distribution  of  the  gray  and  of  the  white  matter  in 
the  cord  may  even  be  seen  with  the  naked  eye  in  unstained 
specimens,  Avhere  they  appear  in  their  respective  color ; the 
white  matter  being  on  the  outer  part  and  surrounding  the 
central  gray  portion.  Ihe  relative  amounts  of  the  gray  and 


Fig.  91. 


Transverse  section  of  human  spinal  cord  from  the  lower  cervical  region.  (Schafer.) 


the  white  matter  vary  in  the  different  regions  of  the  cord, 
and  in  the  sacral  region  the  gray  matter  is  present  in  larger 
amounts  than  the  white  matter,  this  bein^  accounted  for  bv 
the  fact  that  the  white  matter  is  made  u])  mostly  of  the  dis- 
tributing fibres,  which  have  been  given  off  higher  up. 

The  anterior  horns  are  short  and  thick,  and  do  not  extend 
to  the  periphery  of  the  cord.  Their  margin  is  stellate  and 
has  emerging  from  it  the  anterior  roots  of  the  spinal  nerves. 
The  posterior  horns  are  long  and  narrow,  extend  to  the 
periphery,  and  are  continuous  with  the  posterior  roots  of  the 
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spinal  nerves.  The  points  where  the  anterior  and  posterior 
roots  emerge  are  called  the  anterolateral  and  j)oderolateral 
fissures.  In  the  middle  of  the  gray  commissure  is  a minute 
central  cemal,  the  remains  of  the  primitive  neural  tube,  vary- 
ing in  size  and  shape  in  different  parts  and  extending  the  full 

Fig.  92. 


The  ventral  half  of  the  ventral  horn  from  a calf’s  spinal  cord;  section  through 
the  cervical  enlargement;  a,  longitudinal  sections  of  medullatcd  fibres;  h,  medul- 
lated  nerve-fibres  cut  across  ; c,  white  matter  ; d,  nerve-cells  ; e,  gray  matter  ; /,  glia- 
cell. X 80.  (Szymonowicz.) 

length  of  the  cord,  o]iening  above  into  the  fourth  ventricle 
and  ending  Itelow  in  a blind  extremity.  It  is  lined  witli  a 
single  layer  of  columnar  cells,  these  cells  being  furnished 
with  cilia  in  the  foetus.  This  layer  of  columnar  ejiithelium, 
with  its  basement-membrane  of  neuroglia,  constitutes  the 
ependyma.  That  portion  of  gray  matter  in  front  of  the  canal 
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is  called  the  anterior  gray  commissure^  while  that  behind  it  is 
known  as  the  posterior  gray  commissure. 

Throiighont  the  whole  length  of  the  cord,  in  the  gray 
matter  at  the  apex  of  the  posterior  horn,  is  found  a promi- 
nent structure  called  the  substantia  gelatinosa  (Rolandi). 


Fig.  93. 


Nerve-  and  neuroglia-cells  from  gray  matter  of  spinal  cord : calf.  The  figure  rep- 
resents two  isolated  ganglion-cells,  with  branching  protoplasmic  processes,  and  each 
with  a single  axis-cylinder  process,  en.  The  axis-cylinder  process  of  the  lower  cell 
gives  off  a branch  a short  distance  from  the  cell.  Between  the  ganglion-cells  are 
those  of  the  neuroglia.  The  protoplasmic  processes  of  the  nerve-cells  subdivide 
into  very  delicate  fibres,  which  lie  among  those  of  the  neuroglia-cells.  (Lavdowsky.) 


This  consists  of  small  s]nndlc-shaped  cells  with  less  neuroglia 
than  other  parts  of  the  gray  matter. 

The  gray  matter  consists  of  interlacing  medullated  and 
non-rnedullated  nerve-fibres,  with  branching  processes 
derived  from  the  ganglion-  and  neuroglia-  or  spider-cells,  the 
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whole  supported  in  the  peculiar  couuective  tissue  known  as 
the  neuroglia. 

The  ganglion-cells  are  large  multi })olar  cells,  found  espe- 
cially ill  the  anterior  part  of  the  anterior  cornu,  one  of  the 
fibres  from  which  goes  to  make  up  the  nenraxon  of  a motor 
nerve.  In  the  jiosterior  horn  these  ganglion-cells  are  much 
smaller  and  rather  well  distributed  thronghont  the  whole 
horn.  In  the  base  of  the  posterior  cornu,  at  its  inner  side, 
especially  in  the  dorsal  portion  of  the  cord,  a collection  of 
smaller  ganglion-cells  is  found,  called  the  column  of  Clarke, 
the  fibres  originating  from  these  cells  going  directly  into  the 
direct  cerebellar  tract  of  the  white  matter. 

There  are  found  in  the  gray  matter  nerve-fibres  as  well 
as  nerve-cells.  These  fibres  are  either  processes  from  the 
nerve-cells  in  the  gray  matter  of  the  cord,  or  they  are 
separate  fibres  originating  elsewhere  than  in  the  gray  mat- 
ter of  the  cord,  as  from  the  axones  of  the  spinal  ganglion- 
cells. 

The  neuroglia,  or  supporting  tissue,  is  slightly  modified  at 
certain  points,  as  where  it  surrounds  the  central  canal  and 
where  it  caps  the  posterior  cornu.  The  neuroglia  is  of  ecto- 
dermal origin,  the  same  as  the  rest  of  the  nervous  system, 
but  in  many  ways  it  resembles  a connective  tissue.  Its  sig- 
nificance and  function  seem  to  be  disputed  points.  Some 
authors  claim  that  the  neuroglia  serves  as  a sort  of  nourish- 
ment for  the  nerve-cells;  others  that  it  has  an  insulating 
function  in  connection  with  the  neurones,  while  again  it  has 
been  considered  only  as  a supporting  tissue  to  fill  up  the 
spaces  between  the  nerve-cells  and  -fibres,  and  afford  paths 
for  the  circulation  of  the  lym])h.  The  neuroglia  is  composed 
of  the  neuroglia-cells  and  neuroglia-fibres  (glia-cells  and  glia- 
fibres).  The  glia-cells  are  of  two  kinds,  the  ependyma  cells 
and  the  astrocytes  (or  Deiters^  cells)  ; the  first  are  cylindrical 
cells  and  border  on  the  central  canal,  the  latter  are  small 
nucleated  cells  with  little  ]^rotoplasm,  and  stellate  in  shape. 
The  glia-fibres  are  not  cell-processes  as  formerly  supposed, 
but  are  independent  fibres. 

The  white  matter  surrounds  the  gray  matter,  and  is  made 
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up  of  mcclullated  nerve-fibres,  the  cross-sections  of  which 
are  sliown  in  a transverse  section  of  tlie  cord.  The  greater 
number  of  these  fibres  run  lougitudinally  ; some,  however,  in 
front  of  the  gray  commissure,  have  an  oblique  direction, 
forming  at  this  point  the  ichite  commissurey  which  separates 
the  (jrav  commissure  from  the  bottom  of  the  anterior  median 
fissure.  They  have  a medullary  sheath,  but  no  neurolemma, 
being  held  together  by  the  neuroglia-cells  and  connective 
tissue  from  the  j)ia  mater. 

The  white  matter  of  the  cord  has  been  divided  into  the 
anterior  lateral  and  posterior  columns,  not  from  any  struct- 
ural peculiarities,  but  from  their  functions. 

The  anterior  column  is  that  jwrtion  between  the  anterior 
median  fissure  and  the  anterior  roots. 

The  posterior  column  is  that  between  the  posterior  median 
se])tum  and  the  ])osterior  roots. 

The  lateral  column  is  that  area  bounded  by  the  anterior 
roots,  the  gray  matter,  and  the  posterior  roots. 

The  anterior  and  lateral  columns  are  often  associated,  due 
to  the  fact  that  the  anterior  horns  do  not  reach  the  surface 
and  com])letely  divide  this  j)ortion  of  the  white  matter,  and 
are  called  the  anterolateral  columns. 

These  three  primary  columns  are  subdivided  into  secondary 
tracts  with  regard  to  the  distribution  of  the  fibres.  The 
anterior  column  is  divided  into  the  direct  lyyramiclal  tract  and 
the  anterior  ground-bundle. 

The  direct  pyramidal  tracty  or  column  of  Tilrch,  is  next  to 
the  median  fissure,  aud  is  composed  of  fibres  coming  directly 
from  the  pyramids  of  the  medulla. 

The  lateral  columu  is  divided  into  the  direct  cerebellar 
tract,  made  up  of  the  fibres  from  the  cells  of  the  columns  of 
Clarke;  the  ascending  anterolateral,  or  Gowers'  tract;  the 
crossed  pyramidal,  made  up  of  the  fibres  of  the  pyramids 
from  the  opposite  side ; the  descending  anterolatered,  or  tract 
of  Lowenthal ; and  the  mixed  lateral  tract. 

The  posterior  column  is  divided  into  the  columns  of  Goll 
and  Burdock.  The  columns  of  Goll  and  Burdach  conduct 
mostly  centripetal  impulses,  which  impulses  having  the  same 
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upward  direction,  are  also  conveyed  by  tlie  direct  cerebellar 
tract  and  tract  of  Gowers  in  the  lateral  columns. 

The  centrifugal  impulses  (^motor  stimuli)  are  conveyed  by 
the  fibres  of  the  direct  pyramidal  tract  of  the  anterior  column 
and  by  those  of  the  crossed  pyramidal  tract  in  the  lateral 
column.  The  size,  the  shape,  and  the  relative  amounts  of 
gray  and  white  matter  of  the  cord  vary  according  to  the  sev- 
eral regions  which  we  examine  in  transverse  sections. 

The  cervical  sections  are  large  and  have  a greater  trans- 
verse diameter,  a large  H of  gray  matter  with  a broad  ante- 
rior and  a slender  posterior  cornu. 

The  dorsal  sections  are  smaller,  nearly  circular,  and  the 
gray  matter  is  in  crescents,  only  slightly  curved,  with  slender 
horns  anteriorly  and  posteriorly. 

The  lumbar  sections  are  broad,  have  a deep  anterior  fissure, 
and  a large,  thick  H of  gray  matter,  which  occupies  most  of 
the  section,  leaving  but  little  white  matter.  The  white  matter 
gradually  diminishes  as  we  descend  the  cord. 

Blood  is  supplied  to  the  cord  principally  from  the  anteidor 
and  posterior  spinal  arteries,  which  are  found  occupying  the 
anterior  median  fissure  and  posterior  median  septum,  respec- 
tively. Branches  from  these  enter  the  white  substance  and 
then  pass  to  the  gray  matter,  where  they  break  up  into  a 
capillary  network  to  supply  the  cellular  structures. 

THE  MEDULLA. 

Tlie  medulla  oblongata  is  the  first  part  of  the  brain  proceeding 
from  below  upward.  The  medulla  may  be  considered  as  the 
superior  continuation  of  the  spinal  cord  wherein  a rearrange- 
ment of  the  structures  has  occurred.  ' The  anterior  and  poste- 
rior horns  are  first  modified,  due  to  the  decussation  of  the 
fibres  of  the  crossed  pyramidal  tracts  and  to  the  increase  in 
size  of  the  columns  of  Goll  and  Burdach,  respectively.  This 
increase  of  the  tracts  of  the  posterior  column  is  due  to  the 
formation  of  new  gray  matter,  the  nucleus  gracilis  and  cuneatus, 
which  gradually  pushes  the  posterior  cornu  forward  and  to 
the  side.  With  the  gradual  approach  toward  the  surface  of 
the  substantia  gelatinosa,  which  caps  the  posterior  horns. 
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the  tuherde  of  Rolando  is  formed.  The  central  canal  of  the 
cord  widens  out  and  forms  tlie  fourth  ventricle.  The  head  of 
the  anterior  cornu  is  completely  separated  from  its  base,  due 
to  the  decussation  of  the  fibres  of  the  crossed  pyramidal 
tracts;  these  fibres  with  the  fibres  of  the  direct  pyramidal 
tract  forming  the  anterior  jyyraniids  of  the  medulla ; while 
the  head  of  the  anterior  horn  takes  uj)  a position  close  to  the 
posterior  horn,  forming  the  lateral  nucleus.  Between  the 
[wramids  and  this  lateral  nucleus  new  gray  matter  appears, 
forming  the  olwary  body.  The  continuation  upward  of  fibres 
from  some  of  the  tracts  of  the  anterolateral  column  cut  up 
this  lateral  nucleus,  forming  the  formatio  reticularis.  Still 
higher  up  in  the  medulla  the  olivary  body  is  supplied  by  a 
new  formation  of  gray  matter,  the  corpus  dentcdum.  This 
nucleus  is  in  the  sha|)e  of  a capsule  having  an  opening  on  its 
median  side,  the  hilum,  through  which  pass  the  fibres  of  the 
olivary  peduncle,  on  their  way  to  the  gray  matter  of  the  inte- 
rior and  to  tlie  cerebellum.  Two  accessory  olivai'y  nuclei, 
composed  of  gray  matter,  lie  in  close  relation  to  the  corpus 
dentatiun.  The  base  of  the  anterior  cornu  remains  as  a pro- 
jection in  the  floor  of  the  fourth  ventricle,. having  on  its  free 
surface  numerous  cells  constituting  the  nucleus  of  the  hypo- 
glossal nerve.  Before  the  expansion  of  the  central  canal 
occurs  there  lie  below  it  a number  of  cells  which,  after  the 
canal  0{)cns  out,  are  ])laced  external  or  rather  to  the  side  of 
this  elevation.  These  cells  form  a column  which  is  a nucleus 
for  the  ninth,  tenth,  and  eleventh  cranial  nerves.  The  wldte 
matter  still  covers  more  or  less  completely  the  gray  matter, 
and  is  divided,  like  the  cord,  into  several  columns  by  the 
continuation  upward  of  the  anterior  and  posterior  median 
fissures.  The  de]>ressions  formed  by  the  exit  of  the  anterior 
and  posterior  spinal  nerve-roots  in  the  cord  are  distinct  sulci 
in  the  medulla,  and  mark  the  points  of  exit  of  the  ninth, 
tenth,  and  eleventh  nerves  posteriorly  and  the  eleventh  ante- 
riorly. 

THE  PONS. 

The  pons  is  made  up  of  a ventral  and  a dorsal  portion. 
The  ventral  portion  consists  of  transverse  fibres  which  con- 
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nect  the  liemisphere.s  of  the  cerehelluiii.  Tli rough  tliese  fibres 
})ass  fibres  from  tlie  cerebrum  which  go  to  make  u|)  the  ante- 
rior pyramids  of  the  medulla.  These  fibres  are  collected  into 
a number  of  small  bundles  separated  by  several  layers  of 
the  transverse  fibres,  while  below,  the  fibres  become  grou])ed 
into  two  laterally  })laced  bundles.  Gray  matter  containing 
small  mnlti})olar  cells  is  found  between  the  fibres.  The 
dorsal  })ortion  is  a continuation  of  some  of  the  structures  of 
the  medulla,  with  the  addition  of  masses  of  gray  matter 
which  are  coimeetcd  with  the  origins  of  the  fifth,  sixth, 
seventh,  and  eighth  cranial  nerves.  Higher  ii])  in  the  pons 
the  floor  of  the  fourth  ventricle  is  formed  of  white  matter, 
having  beneath  it  a stratum  of  pigmented  nerve-cells. 


THE  CRURA  CEREBRI. 

The  crura  are  those  portions  of  the  brain  connecting  the 
pons  and  cerebrum,  and  containing  within  their  structure  the 
aqueduct  of  Sylvius,  which  connects  the  third  and  fourth  ven- 
tricles. They  are  divided  into  two  portions  by  a layer  of 
gray  matter,  having  embedded  within  it  pigmented  multi- 
polar cells,  the  subsfoMtia  nigra,  forming  the  tegmentum  above 
and  the  crustcc  below.  Each  crusta  is  a thick  rounded  bundle 
composed  of  white  fibres,  the  majority  of  which  end  in  the 
internal  capsule  of  the  cerebrum. 

The  tegmentum  consists  of  longitudinal  and  transverse  bun- 
dles of  white  fibres,  containing  within  their  meshes  gray 
matter  comj)osing  a formatio  reticularis.  On  each  side  of 
the  median  line  the  formatio  reticularis  contains  a mass  of 
])igmented  cells  known  as  the  red  nucleus.  The  majority  of 
the  fibres  of  the  tegmentum  terminate  in  the  optic  thalamus. 

THE  CEREBRUM. 

The  cerebrum  consists  of  two  hemispheres,  each  made  up 
of  an  outer  cortex  of  gray  matter  and  an  inner  medulla  of 
white  matter.  The  white  matter  of  the  medulla  consists  of 
interlacing  medullated  nerve-fibres  having  no  ncurolemma 
and  supported  by  a delicate  connective  tissue  similar  to  the 
neuroglia-tissue  of  the  cord.  These  fibres  may  be  divided 
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into  three  groups  : (1)  those  uniting  parts  of  the  same  hemi- 
sphere, and  known  as  asHoekitlon-fibres ; (2)  those  uniting 
parts  of  the  two  hemispheres,  known  as  the  commkmral 
fibres;  and 
basal  nucleiy 

Tlie  co)'pus  callosum  is  the  bridge  between  the  two  hemi- 
spheres, and  is  composed  of  commissural  fibres  derived  from 
the  ganglion-cells  of  tlie  cortex.  The  medulla  also  contains 
numerous  masses  of  gray  matter  which  take  part  in  the 
formation  of  such  special  structures  as  the  ventricular  and 
caudate  nuclei. 

The  cortex  is  composed  of  gray  matter,  wliich  may  be 
divided  into  five  not  very  sharply  defined  zones.  They  are 
the  first,  or  molecular  layer;  second,  or  layer  of  small  pyram- 
idal cells;  third,  or  layer  of  large  cells;  fourth, 

or  layer  of  polymorphous  nerve- cells ; and  fifth,  or  layer  of 
spindle-cells. 

The  molecular  layer  consists  of  neuroglia,  terminal  branches, 
from  nerve-cells  situated  in  the  second  and  third  layers,  and 
a few  tangential  nerve-fibres. 

The  cells  of  Cqjol,  found  in  this  layer,  are  irregular  in  out- 
line, sending  out  numerous  processes  which  run  parallel  to 
the  surface.  Fine  twigs  are  given  off  from  these  processes 

which  end  in  arborizations  in  this  laver. 

«/ 

The  next  layer  is  made  up  of  smvdl  triangular  or  pyram- 
idal cells,  giving  off  several  procevsses  which  terminate  near 
the  ]ieri])hery  of  the  cortex. 

The  apices  of  the  cells  of  this  layer  are  directed  toward 
the  surface  of  the  cortex,  and  the  bases  toward  the  medulla. 
The  main  dendrite  jiroceeds  from  the  apex  of  the  cell  toward 
the  surface,  ])assing  almost  entirely  through  the  thickness  of 
the  molecular  layer,  and  in  its  course  gives  off  many  branches 
and  ends  in  fine  arborizations  in  the  outer  part  of  the  molec- 
ular layer.  From  the  base  and  sides  of  the  cells  other 
smaller  dendrites  are  given  off,  while  the  axone  of  the  cell 
emerges  from  the  base  and  proceeds  toward  the  medulla, 
ofivino:  off  alono:  its  course  manv  collateral  branches  which 
run  parallel  to  the  surface. 


(d)  those  fibres  coming  from  the  crura  cerebri  and 
the  proj ection-fibres. 
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The  layer  of  large  pyretmidal  cells  is  u thick  stnitmn  coin- 
])Osed  of  the  same  cells  as  the  })reeodiiig  layer,  only  much 


Fig.  94. 


Molecular  layer 


Layer  of  small 
pyramidal  cells. 


Layer  of  large 
pyramidal  cells. 


Polymorphous 

layer. 


White  medullary 
substance. 


The  four  layers  of  cells  in  the  cerebral  cortex.  (After  Cajal. 


Modified  from  Testut.) 


larger  in  size.  These  cells  are  triangular  in  shape,  with 
their  apices  directed  toward  the  surface,  and  are  composed 
of  a granular  pigmented  protoplasm  containing  a large 
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nucleus  and  a distinct  nucleolus.  Numerous  protoplasmio  proc- 
esses are  given  olf  which  end  in  the  form  of  arborizations  in 
the  first  layers.  These  processes,  however,  do  not  unite  with 
each  other.  An  axis-ci/Under  process  is  given  off  from  their 
base,  extending  into  the  white  substance  and  giving  off*  col- 
lateral branches  which  turn  and  enter  the  surrounding  layers. 

The  fourth,  or  layer  of  small  irregular  polymorphous  cells, 
contains  cells  of  various  shapes  and  sizes.  They  give  off 
dendrites  and  send  axones  into  the  medullary  substance. 
Some  spindle-shaped  cells  are  also  found  in  this  layer,  and 
are  called  Golgi  cells  type  I.,  which  send  their  axones  beyond 
the  cortex  ; and  Golgi  cells  type  II.,  which  have  axones  not 
reaching  outside  the  limits  of  the  cortex,  and  ending  not  far 
from  the  cell-body.  A few  of  these  cells  send  their  axones 
toward  tlie  molecular  layer  instead  of  toward  the  medulla. 
These  are  called  the  cells  of  3Iartinotti. 

The  last  layer  contains  numerous  small  spindle-  and  jyyram- 
idal-shaped  cells,  lying  between  the  bundles  of  radiating 
nerve-fibres  which  are  directly  continuous  with  the  medullary 
tracts. 

The  various  layers  contain  fine  networks  of  medullated 
nerve-fibres  as  well  as  cells.  Some  of  the  fibres  run  at  right 
angles,  while  others  are  parallel  to  the  surface,  the  former 
being  mostly  the  axones  of  jwramidal  cells,  while  the  latter 
are  laro^elv  the  collaterals  of  axones. 

Special  ganglionic  regions,  such  as  the  optic  thalamus,  olfac- 
tory bulbs,  and  corpus  striatum,  consist  of  masses  of  white 
and  gray  matter,  each  having  its  characteristically  shaped 
nerve-cells. 

THE  CEREBELLUM. 

The  cerebellum,  like  the  cerebrum,  is  made  up  of  an  outer 
cortex  and  an  inner  medulla. 

The  medulla  is  composed  of  white  matter  arranged  in 
branching  laminae,  which  are  covered  with  the  gray  matter 
of  the  cortex  and  ap])ear  like  the  branches  of  a tree,  called 
the  arbor  vitce.  It  consists  of  medullated  nerve-fibres  devoid 
of  a neurolemma. 


THE  CEREBELLUM. 


167 


Fig.  95. 


External  gray  or 
cellular  layer. 


Corpuscles  of  Purkinje. 


Internal  or  rust- 
colored  layer. 


White  substance. 


Vertical  section  through  the  gray  matter  of  the  human  eerohelluni. 

about  100  diameters.  (Klein  and  Noble  Smith.) 


Magnified 
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The  bundles  of  nerve-fibres  are  made  up  of  axones  derived 
from  the  Furkinje  cells,  along  with  fibres  arising  from  cells 
in  other  parts  of  the  nervous  system,  and  enter  the  cere- 
bellum through  one  of  three  principal  tracts  or  cerebellar 
peduncles.  Some  authors  add  certain  special  fibres,  mossy 
Jibres,  but  these  are  generally  considered  only  as  a stage  in 
the  life  of  cells  in  the  granule-layer. 

The  cortex  is  divided  into  three  layers  : the  inner  nuclear, 
or  granule-layer , is  composed  of  a broad  stratum  next  to 
and  gradually  merging  into  the  white  matter,  and  contains  a 
great  number  of  small  round  multipolar  nerve-cells  with 
prominent  nuclei  and  small  cell-bodies ; also  a few  larger 
multipolar  nerve-cells  and  glia-cells.  Besides  these  cellular 
elements  a dense  ])lexus  of  medullated  fibres  derived  from 
the  underlying  white  matter  is  present. 

The  middle  layer  consists  of  a row  of  large,  multipolar 
ganglion-cells,  the  Ihirhinje  cells.  These  cells  have  large, 
rounded,  flask-shaped  bodies,  containing  a large  nucleus  and 
nucleolus  embedded  in  a ])rotoplasm  which  is  very  faintly, 
if  at  all,  pigmented.  Numerous  ])rotoplasmic  processes  are 
given  off  from  their  sides,  which  divide  and  extend  through- 
out the  external  molecular  layer,  resembling  the  horns  of  an 
elk.  From  their  internal  side  an  axis-cylinder  process  is 
given  off,  which,  after  sending  off  collaterals  in  the  nuclear 
layer,  passes  through  same  to  the  medulla  of  the  cerebellum. 

The  outer,  or  molecular  layer,  consists  of  extensive  ramifica- 
tions of  the  dendrites  of  the  Purkinje  cells,  together  with 
many  small  and  large  multipolar  ganglion-cells,  whose  neurites 
run  ])arallel  to  the  surface  and  give  off  branches,  forming  a 
basket  network  of  fibrils  enveloping  the  Purkinje  cells. 
These  are  the  so-called  basket-cells.  Embedded  within  the 
white  matter  are  several  special  masses  of  gray  matter,  the 
central  nuclei. 

The  bloodvessels  within  the  cerebrum  and  cerebellum  end  as  a 
dense  capillary  network  around  the  cell  groups  of  the  cortex. 
This  network  of  capillaries  becomes  coarser  in  the  medulla, 
and  the  meshes  of  the  network  run  in  the  direction  of  the 
nerve-fibres. 


THE  ADRENAL  GLAND. 
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THE  PITUITARY  BODY  AND  THE  PINEAL  BODY. 

The  pituitary  body,  or  hypophysis  cerebri,  is  composed  of 
two  j)ortions  : the  anterior,  which  is  the  larger  and  darker, 
contains  glandular  acini  lined  with  enboidal  cells  and  sur- 
rounded by  loose  fibrous  tissue.  The  lumen  of  the  acini  often 
contain  a colloid  substance.  T\\c  posterior  })ortion  is  distinctly 
nervous  in  type,  and  contains  fine  branched  nerve-fibres  and 
pigmented  cells  having  an  abundant  blood-su])ply. 

The  pineal  body,  located  near  the  corpora  quadrigemina,  is 
now  regarded  as  a rudimentary  sense-organ.  It  is  com})Osed 
of  a number  of  alveoli,  lined  with  polyhedral  cells,  and 
separated  from  each  other  by  septa  derived  from  the  connec- 
tive-tissue covering.  The  lumen  of  the  acini  contains  a 
calcareous  substance  called  hrain-semd,  also  small  discoid 
masses  having  concentric  striations  and  resembling  starch- 
granules,  the  corpora  amylacea. 

THE  ADRENAL  GLAND. 

This  structure  is  closely  related  to  the  nervous  system, 
and  is  considered  under  it.  It  is  a ductless  gland,  and  con- 
sists of  a cortex  and  a medulla,  surrounded  by  a connective- 
tissue  corpuscle  which  sends  j^rojections  into  the  gland, 
dividing  it  into  cylindrical  masses.  The  cortex  is  composed 
of  columns  of  epithelial  cells  separated  by  a delicate  con- 
nective tissue,  and  is  divided  into  the  zona  glomeridosa,  an 
outer  layer  of  round  masses  of  cells  ; the  zona  fasciculata , or 
middle  layer  of  cylinders  of  cells  ; and  the  zona  reticularis, 
or  inner  layer  of  columns  of  pigmented  cells. 

The  medulla  consists  of  cords  of  granular  pigmented,  polyg- 
onal cells,  ganglion-cells,  non-medullated  nerve-fibres,  con- 
nective tissue,  and  bloodvessels.  The  bloodvessels  follow  the 
connective-tissue  septa  from  the  capsule  to  the  interior.  The 
nerves  are  numerous,  and  follow  the  course  of  the  arteries, 
ending  in  plexuses  in  the  medulla.  The  lymphatics  originate 
in  the  intercellular  spaces  of  the  medulla  and  cortex,  and 
empty  into  the  larger  vessels  of  the  capsule. 
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Fig.  9P). 


Section  of  human  adrenal  gland:  1,  cortex  ; 2,  medulla.  (Eberth.) 

DEVELOPMENT  OF  THE  CENTRAL  NERVOUS  SYSTEM. 

The  nerve-cells,  the  nerve-fibres,  and  the  neuroglia  are 
developed  from  the  ectoderm  alone.  The  cells  of  this  layer 
assume  a columnar  type  and  produce  a thickened  area,  the 
medullary  j)late^  and  on  either  side  the  cells  become  heaped  up  to 
form  the  medullary  folds.  The  medullary  plate  becomes  con- 
cave on  the  surface,  or  it  invaginates  and  forms  the  medullary 
groove^  which  finally  closes  to  form  the  primary  neural  tube, 
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from  the  differentiation  and  specialization  of  whose  walls  the 
essential  parts  of  the  nervous  system  are  derived.  The  wall 
of  this  tube  is  composed  of  two  kinds  of  cells,  the  outer  of 
colnmnar  epithelial  cells,  from  which  are  formed  the  neuroglia, 
and  are  called  spongioblasts^  and  the  inner  of  spherical  cells 
with  large  nuclei,  these  are  called  the  neuroblasts,  which 
form  the  nerve-cells  and  the  nerve-fibres. 

The  spongioblasts,  which  are  at  first  columnar  epithelial 
cells  lining  the  primary  neural  tube,  elongate,  their  proto- 
plasm undergoing  a change,  and  finally  they  result  in  long, 
slender  cells  containing  large  nuclei,  and  their  inner  ends 


Fig.  97. 


1 


2 


o 


Diagram  to  illustrate  the  formation  of  the  primitive  brain:  bo,  olfactory  bulb ; 
Vh,  secondary  or  permanent  fore-brain ; Zh,  inter-brain ; Zi,  epiphyses ; i,  infun- 
dibulum; b,  hypophysis ; d/b,  mid-brain  ; Ilh,  hind  brain;  A7t,  medulla  or  after-brain; 
p V,  pons  VaroJii ; to,  olfactory  tract ; cs,  corpus  striatum  ; cb,  chorda  dorsalis.  1,  2,  3, 
correspond  to  the  three  primitive  cerebral  vesicles.  (After  Bonnet.) 


form  a smooth  limiting  membrane,  while  the  outer  form  a 
close  reticulum  made  up  of  their  irregular  branches. 

The  neuroblasts,  which  at  first  are  the  inner  layer  of  the 
primary  neural  tube,  move  toward  the  outer  boundary  of  the 
wall  and  begin  to  elongate  and  become  pyriform.  Thus  the 
nerve-cells  at  first  have  but  one  process,  which  represents  the 
axis-cylinder,  and  later  develop  protoplasmic  processes. 

The  nerve-fibres  are  developed  in  two  sets:  those  from  the 
nerve-cells  of  the  medullary  tube  and  those  from  the  cells  of 
the  ganglia. 

The  first  nerve-fibres  for  some  time  consist  only  of  the 
axis-cylinder,  and  the  neurolemma  and  the  medullary  sub- 
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stance  are  later  additions  from  the  mesoderm.  These  vonn<r 
nerve-fibres  collect  into  groups  and  form  the  nerve-trunks. 

About  half  the  neural  tube  is  devoted  to  the  formation  of 
the  braiipand  is  divided  into  three  communicating  sacs,  called 
the  fore-brain,  the  mid-brain,  and  the  hind-brain  vesicles. 
These  vesicles  are  developed  into  the  brain,  while  the  remain- 
der of  the  neural  tube  forms  the  sjahal  cord. 


QUESTIONS. 


Name  tlie  membranes  of  the  central  nervous  system. 

Describe  the  dura  mater. 

Where  are  the  subdural  spaces? 

Describe  the  arachnoid.  The  subarachuoidean  spaces. 

What  are  the  Pacchionian  bodies  ? 

Describe  the  pia  mater.  Which  is  the  vascular  coat? 

Of  Avhat  is  the  spinal  cord  composed  ? 

How  is  the  cord  divided  ? 

Describe  the  arrangement  of  the  gray  matter. 

Descril)e  the  gray  commissures.  The  central  canal. 

What  does  the  gray  matter  contain? 

Of  what  is  the  white  matter  composed  ? 

How  is  the  white  matter  divided? 

What  is  tbe  dilference  between  the  anterior  and  posterior  median  fissures? 
Name  the  columns  of  the  cord.  Locate  each  column. 

Into  what  are  tbe  columns  subdivided  ? 

Locate  tbe  column  of  Clarke.  Of  wbat  is  it  composed  ? 

Describe  the  direction  of  the  nerve-impulses. 

Describe  sections  of  the  cord  in  tbe  ditferent  regions. 

What  is  the  medulla? 

What  does  the  central  canal  of  the  cord  form  when  reaching  the  medulla? 
Describe  the  changes  occurring  in  tbe  anterior  and  posterior  horns. 

Name  the  divisions  of  the  pons.  Describe  each. 

What  are  the  crura  cerebri  ? 

Describe  tbe  substantia  jaigra. 

Describe  the  crustm. 

Describe  the  tegmentum. 

Of  what  does  the  cerebrum  consist? 

Describe  the  gray  matter  of  tbe  cerebrum. 

Name  and  describe  the  layers  of  the  cortex. 

Describe  tbe  medulla. 

What  is  the  arbor  vitfe  of  tbe  cerebellum? 

Describe  tbe  cortex  of  tbe  cerebellum. 

Wbat  arc  Purkinje’s  cells? 

Describe  tbe  pituitary  body. 

What  is  the  pineal  body  ? 

What  are  the  corpora  amylacea  and  brain-sand? 

Wbat  kind  of  structure  is  the  adrenal  gland 
Name  the  layers  of  the  cortex  of  this  gland. 

Describe  the  medulla.  Descril)e  the  bloodvessels,  nerves,  and  lymphatics 
of  this  organ. 
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From  what  layer  is  the  central  nervous  system  derived  ? 

Describe  the  formation  of  tlie  itrimitive  neural  tube.  Name  the  two  kinds 
of  cells  found  in  this  tube,  and  what  parts  they  form? 

From  what  are  the  brain- vesicles  derived?  Name  them.  Into  what  arc 
they  developed  ? 

From  what  is  the  sjunal  cord  developed? 


CHAPTER  XV. 

THE  EYE  AND  ITS  APPENDAGES. 

The  eye  is  the  organ  of  sight,  ami  is  composed  of  the  eye- 
ball and  accessory  structures — as  the  eyelids,  muscles,  and 
lachrymal  glands. 

The  eyeball  is  a globular  l)ody,  consisting  of  three  coats, 
an  outer  fibrous,  a middle  vascular,  and  an  inner  nervous 
coat,  and  is  divided  into  an  anterior  and  a posterior  chamber, 
with  the  lens  and  iris  separating  tliese  two  portions. 

The  anterior  chamber  is  made  up  in  front  of  the  transpar- 
ent cornea,  behind  by  the  iris  and  lens,  and  between  these  it 
is  filled  with  a clear  fluid  containing  a few  leucocytes,  the 
aqueous  humor. 

The  jmsterior  chamber  embraces  the  larger  part  of  the  eye, 
and  consists  of  the  vitreous  humor,  a clear  gelatinous  sub- 
stance containing  a delicate  network  of  fibrils,  wandering 
cells,  and  the  remains  of  minute  bloodvessels,  surrounded  by 
a delicate  membrane,  the  hijaloul  membrane.  External  to 
this  are  the  three  superimposed  coats  of  the  eyeball. 

The  outer,  or  fibrous  coat,  consists  of  two  ])ortions,  the 
sclera  and  the  cornea. 

The  sclerotic  coat  covers  the  posterior  five-sixths  of  the  eye- 
ball, and  is  a white,  opa(pie,  dense  coat.  It  consists  of  a 
fibroelastic  tissue  containing  within  its  meshes  flattened  stel- 
late connective-tissue  cells.  The  inner  layer  of  the  sclera  is 
looser  in  structure,  and  contains  many  ])igmented  cells,  being 
covered  with  endothelium,  and  constituting  the  lamina  fusca. 
A loose  connective  tissue  unites  the  sclerotic  and  choroid 
coats,  forming  the  lamina  suqirachoroidea.  The  spaces  between 
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these  trabecula)  form  the  subsderal  lymph-space,  and  are  lined 
with  flattened  endothelial  cells.  On  the  outer  surface  of  the 
sclera  is  a serous  sac  composed  of  a thiir  translucent  fibrous 
membrane  lined  with  endothelial  cells,  the  capsule  of  Tenon. 
Posteriorly  the  sclera  is  perforated  for  the  entrance  of  the 
optic  nerve.  This  is  called  the  lamina  cribrosa^  and  has  in 


Fig.  98. 


Horizontal  section  of  right  eyeball:  1,  oj>tic  nerve;  2,  sclerotic  coat;  3,  cornea; 
4,  canal  of  Schlemin  ; 5,  choroid  coat;  G,  ciliary  muscle;  7,  iris;  8,  crystalline  lens; 
y,  retina;  10,  hyaloid  membrane;  11,  canal  of  Petit;  12,  vitreous  body;  13,  aqueous 
humor.  (Chapman.) 


its  centre  a larger  opening,  the  porus  opticus.  The  conjunc- 
tiva joins  the  sclera  a little  before  its  junction  with  the 
cornea. 

The  muscles  of  the  eyehall  are  attached  to  the  scleric  coat 
by  their  tendons  passing  over  into  the  fibre-bundles  of  the 
fibroelastic  tissue  constituting  the  sclera.  The  mn^^cles  are  so 
arraiiffed  as  to  allow  the  eyeball  to  move  in  many  directions, 
and  consist  of  the  following  muscles  : recti  superior,  inferior, 
internus,  and  extern  us,  obliqui  oculi  superior  and  inferior, 
and  one  for  the  eyelid,  the  levator  palpebrse  superioris. 


THE  RETINA. 
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The  blood-  and  nerve-mpply  to  the  sclera  is  found  in  the 
form  of  capillary  networks  and  nerve-plexuses  between  the 
bundles  of  fibrous  tissue. 

The  middle j vascular,  or  choroid,  coat  consists  of  a thin 
membrane  of  dark  color,  surrounding  the  posterior  five-sixths 
of  the  eyeball.  It  is  composed  of  four  layers,  the  lamina 
suprachoroidea,  the  vascular  layer,  the  choriocapillary  layer, 
and  the  vitreous  membrane.  The  outer,  or  lamina  supra- 
choroidea, is  similar  to  the  lamina  fusca  of  the  sclera,  and  is 
covered  with  endothelium.  The  vascular  layer  is  the  thickest, 
and  is  composed  of  fibroelastic  connective  tissue  containing 
many  stellate  pigmented  cells,  and  supports  the  bloodvessels 
and  lymphatics.  The  principal  vessels  are  iho  vemc  vorticosce, 
which  are  formed  by  numerous  ca])illaries  converging  to  form 
four  or  five  trunks,  which  pierce  the  sclerotic  midway  between 
the  porus  opticus  and  the  cornea. 

The  choriocapillary  layer  is  a thin  layer  composed  of  a 
dense  network  of  capillary  bloodvessels. 

The  vitreous  membrane,  or  the  membrane  of  Bruch,  is  a thin 
hyaline  structure  separating  the  choroid  from  the  retina,  and 
having  impressions  on  its  inner  side  due  to  the  pigment-cells 
of  the  retina. 

The  retina,  or  inner  nervous  coed,  has  not  the  same  structure 
in  its  different  areas,  and  is  divided  into  three  portions,  the 
retina  proper,  the  macula  lutca  with  the  fovea  centralis,  and 
the  ora  serrata. 

The  retina  proper  from  within  outward  is  composed  of  the 
following  layers : the  nerve-fibre  layer,  the  ganglion-cell  layer, 
the  inner  reticular  layer,  the  inner  nuclear  layer,  the  outer 
reticular  layer,  the  outer  nuclear  layer,  the  external  limiting 
membrane,  the  layer  of  rods  and  cones,  and  the  pigment-layer. 
In  addition  to  these  layers  an  internal  limiting  mend)rane  is 
sometimes  added,  and  also  some  elements  of  a supporting 
tissue,  the  radiating  fibres  of  Midler.  These  fibres  are  elon- 
gated cells,  the  bases  of  which  are  exjianded  and  go  to  form 
the  internal  limiting  membrane,  wliile  the  remainder  of  the 
cell  extends  in  the  form  of  fibres  through  all  the  layers  to  the 
rods  and  cones,  In  their  course  they  give  off  lateral  branches 
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Fig.  99. 


Outer  or  choroidal  surface. 


Diagrammatic  section  of  the  human  retina  : 1,  layer  of  the  pigment-cells  ; 2,  layer 
of  rods  and  cones ; . . , membrana  limitans  externa  ; 3,  enter  nuclear  layer;  4,  outer 
molecular  layer  ; 5,  inner  nuclear  layer;  6,  inner  molecular  layer  ; 7,  layer  of  nerve- 
cells  ; 8,  layer  of  nerve-fibres;  . . , membrana  limitans  interna.  (Schultze.) 


which  go  to  make  ii])  a network  in  tlie  different  layers,  while 
at  their  outer  extremity  they  divide  into  a number  of  delicate 
processes  which  extend  between  the  rods  and  cones. 


CELL-LAYERS  OF  THE  EYE. 
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The  cells  of  this  supporting  tissue  of  Muller  are  somewhat 
similar  to  the  ependymal  cells  of  the  embryonic  spinal  cord, 
and  are  elements  of  epithelial  nature  and  of  ectodermic 
origin. 

The  nerve-fibre  layer  consists  of  bundles  of  naked  axis- 
cylinders  which  are  derived  from  the  optic  nerve  and  are 
united  to  form  a plexus.  They  radiate  from  the  entrance  of 
the  optic  nerve  to  the  ora  serrata  and  are  continued  upward 
to  the  layer  of  ganglion-cells. 

The  ganglion-cell  layer  consists  of  large  round  multipolar 
nerve-cells  having  a large  nucleus  and  nucleolus,  whose  axis- 
cvlinders  are  continuous  with  the  nerves  of  the  nerve-fibre 
layer,  while  the  branching  processes  which  they  give  off  from 
their  outer  sides  extend  into  the  inner- reticular  layer.  Often 
in  the  human  retina  two  ganglion-cells  are  found  to  be  con- 
nected by  a thick  protoplasmic  bridge,  constituting  the  twin 
cells.  Only  one  of  these  cells  possesses  an  axis-cylinder  proc- 
ess which  connects  with  the  nerve-fibre  layer. 

The  in7-ier  reticular  layer  consists  of  a delicate  fibrous  retic- 
ulum of  cells  resembling  the  neuroglia,  with  branches  from 
the  fibres  of  Muller  along  with  the  processes  of  neighboring 
nerve-cells.  Minute  clear  granules  are  found  within  this 
reticulum,  hence  the  name  granular  layer. 

The  inner  nuclear  layer  is  a zone  eomposed  of  several 
varieties  of  nerve-cells,  as  well  as  the  nuclei  and  some  branches 
of  the  fibres  of  Muller.  These  cellular  elements  are  the 
amaermes^  which  form  adayer  on  the  inner  side,  and  whose 
dendrites  enter  the  inner  reticular  layer ; the  oval  nucleated 
bipolar  cells  whose  protoplasmic  processes  end  in  the  gangli- 
onic and  outer  reticular  layers;  and  a layer  of  multipolar 
cells  striated  on  the  outer  side,  the  axis-cylinders  of  which 
end  near  the  cells  of  the  ganglionic  layer. 

The  outer  reticular  layer  is  a narrow  zone  made  up  of  a 
network  of  fine  fibres  and  few  nuclei.  The  fibrils  are  from 
the  neuroglia  and  ])rocesses  of  nerve-cells.  These  cells  are 
stellate,  and  are  considered  by  some  to  be  ganglion-cells  due 
to  the  varicose  condition  of  some  of  their  ])rocesses. 

The  outer  nuclear  layer  consists  of  a delicate  network  of 
12 — His. 
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nerve-fibrils  mixed  with  connective  tissue^  and  containing  clear 
oval  bodies,  known  as  the  rod-  and  cone-granules,  on  account 
of  their  connection  with  the  rods  and  cones  of  the  next  layer. 
These  granular  bodies  give  off*  an  inner  and  an  outer  process, 
the  latter  being  ^continuous  with  a rod  and  cone,  while  the 
former  extends  to  the  outer  reticular  layer. 

The  externcd  limiting  membrane  is  a thin  membrane  formed 
from  the  fibres  of  Muller,  and  is  perforated  by  the  cells  of 
the  rods  and  cones. 

The  layer  of  rods  and  cones  is  composed  of  rod-  and  cone- 
cells,  or  elongated  neuroepithelial  cells,  also  called  visual 
cells.  The  rod-cells  consist  of  a rod  and  rod-fibre,  with  its 
nucleus  contained  in  the  rod-granule.  The  rod,  that  portion 
external  to  the  limiting  membrane,  is  made  up  of  two  parts, 
an  outer  segment,  which  is  a slender  cylinder  containing 
rhodopsin,  and  consisting  of  a number  of  thin  superimposed 
disks,  and  an  inner  segment,  broad  and  fusiform,  striated 
longitudinally  at  its  outer  margin  and  granular  in  that  por- 
tion near  the  outer  limitinir  membrane. 

The  rod-fibres  extend  to  the  outer  reticular  layer  of  the 
retina,  ending  in  s])herical  swellings,  the  rod-granules,  which 
contain  the  oval  nuclei. 

The  cone-cells  consist  of  a cone  and  a cone-fibre  with  its 
nucleus.  The  cone,  or  the  portion  of  the  cone-cell  beyond 
the  limiting  membrane,  is  made  up  of  two  segments : an 
outer,  which  is  shorter  than  the  corresponding  portion  of  the 
rod-cell,  is  conical,  and  contains  no  rhodopsin  ; and  an  inner 
broad,  fusiform,  and  striated  portion. 

The  cone-fibre  extends  to  the  outer  reticular  layer,  the 
portion  of  the  same  in  the  outer  nuclear  zone  being  expanded, 
and  contains  the  nucleus. 

The  pigment-layer  consists  of  a single  layer  of  large  hex- 
agonal cells,  forming  a layer  over  the  rods  of  the  ])receding 
layer.  The  nuclei  of  the  cells  are  in  the  outer  half,  and 
their  inner  half  contains  the  pigment-grannies.  Protoplasmic 
processes  extend  from  their  inner  end,  passing  between  the 
rods  and  cones. 

The  is  in  the  form  of  small  dark-brown  granules 
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and  rods,  and  changes  its  position  under  the  influence  of 
light,  so  that  it  is  distributed  ecpially  throughout  the  cell. 
Thus  the  rods  and  cones  may  become  surroumled  by  pigment- 
granules  in  the  region  ot  the  external  limiting  membrane. 
Strong  light  causes  the  pigment  to  move  to«the  outer  part  of 
the  cells  in  a thin  layer,  thus  causing  the  visual  cells  to  be- 
come free  from  pigment. 

In  the  macula  lutea  the  ganglion-cells  are  abundant  and 
are  arranged  in  several  layers,  the  nerve-fibres  are  incomplete, 
and  the  rods  are  absent.  A yellowish  pigment  is  present, 
giving  the  characteristic  color  to  the  same. 

The  fovea  centralis  is  a trough-like  depression  in  the  centre 
of  the  macula,  and  appears  as  a liglit  spot.  This  depression 
is  due  to  a reduction  in  the  number  of  layers  of  the  retina 
to  such  an  extent  that  the  cone-cells  resting  on  the  pigmented 
layer  alone  remain. 

In  the  ora  serrata,  which  is  the  termination  of  the  retina 
proper,  a rapid  diminution  in  the  layers  of  the  retina  occurs. 
Nerve-fibres  and  ganglion-(;ells  are  wanting,  but  the  cone- 
cells  remain,  but  are  without  their  outer  segment.  The 
radiating  fibres  of  Muller  are  very  prominent.  The  ele- 
ments of  the  inner  nuclear  layer  change  into  a single  row  of 
columnar  epithelium,  which,  with  the  pigment-layer,  con- 
tinues as  the  pars  ciliaris  and  pars  iridica  retince. 

These  latter  structures  are  covered  internally  by  a new 
cuticular  structure,  known  as  the  mternal  Umiting  membrane, 
beginning  at  the  ora  serrata,  which  will  be  described  in  con- 
nection with  the  iris  and  ciliary  body. 

The  blood-supply  to  the  retina  enters  with  the  optic  nerve, 
the  arteria  centralis  retinee,  and  forms  a capillary  network  in 
the  inner  nuclear  and  nerv’^e-fibre  layers. 

THE  OPTIC  NERVE. 

The  optic  nerve  is  surrounded  in  the  orbit  bv  fibrous 
sheaths  similar  to  the  central  nervous  system.  This  nerve  is 
composed  of  medullated  nerve-fibres  with  a nenrolemma  or 
sheath  of  Schwann,  the  latter  being  represented  by  the  neu- 
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roglia.  The  sclera  and  choroid  give  off  connective-tissue 
fibres  which  blend  with  the  optic  nerve  and  form  the  lamina 
cribrosa.  A short  distance  from  the  eyeball  there  enter  into 
the  axis  of  the  optic  nerve  a central  artery  and  vein  to  supply 
the  retina.  They  are  surrounded  by  a connective-tissue 
sheath.  The  nerve-fibres  pass  through  the  lamina  cribrosa 
into  the  retina,  there  forming  the  nerve-fibre  layer. 

THE  CORNEA. 

The  cornea  is  a circular  transparent  structure,  a modifica- 
tion of  the  sclera,  and  is  the  most  anterior  portion  of  the 
eyeball,  comprising  about  one-sixth  of  the  circumference  of 
the  globe.  It  is  in  front  of  the  aqueous  tumor,  being  con- 
tinuous at  the  sides  with  the  sclera.  It  consists  of  five  layers, 
the  anterior  epithelium,  the  anterior  elastic  membrane,  the 
ground-substance,  the  posterior  elastic  membrane,  and  the 
posterior  endothelium. 

The  anterior  epithelium,  thinner  in  the  centre  than  at  the 
])eripherv,  consists  of  stratified  squamous  cells.  The  outer 
cells  are  flat  and  contain  oval  nuclei,  while  the  inner  are 
columnar.  Some  few  ])rickle-cells  are  also  present  in  the 
(leej)cr  layers.  This  layer  is  a reflection  of  the  conjunctiva. 

The  anterior  elastic  membrane , or  the  limiting  membrane  of 
Bowman,  is  a homogeneous  glossy  layer,  consisting  of  a 
])eculiar  delicate  connective  tissue,  and  forms  a basement- 
membrane  for  the  cells  of  the  preceding  layer. 

The  ground-substance , or  the  substantia  propria,  constitutes 
the  main  portion  of  the  cornea,  and  consists  of  connective- 
tissue  fibrils  grou])ed  into  bundles  and  lamellse,  held  together 
bv  a clear  cement-substance.  The  bands  of  white  fibres 
uniting  adjacent  bundles  are  known  as  the  arcuate  fibres. 
Jletween  the  larnolhe  are  found  numerous  communicating 
lymph-spaces,  which  contain  many  stellate  cells,  the  corneal 
corpuscles.  These  corpuscles  unite  with  one  another  by 
means  of  their  processes,  forming  a reticulum.  The  cornea 
])0ssesses  no  bloodvessels,  and  receives  its  nutrition  through 
these  lymph-spaces. 

The  posterior  elastic  membi'ane,  limiting  or  Descemebs  mem- 
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braney  is  a thin  homogeneous  band  at  the  inner  part  of  the 
cornea. 

The  poste7'ior  endothelium  is  a single  layer  of  poly  gonal 
endothelial  cells,  continuous  with  those  lining  the  anterior 
surface  of  the  iris. 

The  cornea  is  a non-vascular  structure,  the  capillary  vessels 
terminating  in  loops  at  its  circumference.  Lympliaiic  vessels 
have  not  as  yet  been  demonstrated  in  the  cornea. 

The  nerves  are  numerous  and  are  derived  from  the  ciliarv 

«/ 

nerves.  They  enter  its  laminated  structure  and  form  a deli- 
cate  network,  and  their  terminal  filaments  form  a ])lexus  on 
the  surface  of  the  cornea  proper  beneath  the  ejnthelium. 
They  thus  form  a subepithelial  plexus  which  gives  off  fibrils 
passing  between  the  epithelial  cells,  forming  another  network, 
the  intraepithelial  plexus. 

THE  CILIARY  BODY. 

This  structure,  which  is  a thickening  of  the  choroid,  is  situ- 
ated in  the  anterior  portion  of  the  posterior  chamber  of  the 
eyeball,  extending  from  the  ora  serrata  to  the  posterior  margin 
of  the  iris,  and  is  divided  into  three  }>arts  : the  ciliary  ring, 
the  ciliary  processes,  and  the  ciliary  muscle.  The  ciliary  ring 
is  a circular  area  thicker  than  the  choroid  ])roper,  and  situated 
in  front  of  the  ora  serrata  and  extending  to  the  posterior  ends 
of  the  ciliary  processes.  It  consists  of  fibrous  connective 
tissue,  having  no  elastic  lamellae  and  many  smooth  muscle- 
fibres  derived  from  the  ciliary  muscle,  differing  from  the 
choroid  proper  in  not  having  the  clioidoccqjillary  layer. 

The  ciliary  processes  are  about  seventy  meridionally  placed 
triangular  folds,  beginning  at  the  ora  serrata  and  gradually 
increasing  in  size  until  they  terminate  at  the  edge  of  the  lens. 
Their  extremities  form  a circle  which  gives  attachment  to 
the  suspensory  ligament  of  the  lens.  They  consist  of  fibrou.s 
connective  tissue  and  many  bloodvessels,  being  covered  with 
the  vitreous  membrane,  which  is  a thin  homogeneous 
structure. 

Inside  this  layer  is  a double  layer  of  epithelial  cells,  the 
outer  cuboidal  in  shape  and  pigmented,  and  the  inner  non- 
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pigmented  eoliimnar  cells,  constituting  the  anterior  continua- 
tion of  the  retina. 

The  ciUdry  mmde  is  an  annular  band  of  non-striated 
muscle-tibre  lying  external  to  the  ciliary  processes.  Connec- 
tive tissue  is  found  within  the  bundles  of  muscle-fibres,  the 

Fig.  100. 


Section  thrmis^i  ciliary  body  and  tunics  of  eye  at  corneosclerotic  junction:  A, 
epithelium  of  conjunctiva ; B,  tunica  propria  of  conjunctiva ; C,  sclerotic ; 7>,  lamiufe 
fusca  and  suprachoroidea ; E,  F,  choroid;  G,  pars  retina'  ciliaris  and  iridica  ; H, 
cornea;  I,  iris  ; K,  M,  radial  and  meridional  portions  of  ciliary  muscle;  L,  circular 
portion  of  ciliary  muscle ; N,  lip;amentum  pectinatum  ; 0,  margin  of  anterior  cham- 
ber; 1,  anterior  elastic  lamina  of  cornea;  2,  posterior  elastic  lamina  and  endothelial 
layer  of  cornea;  3,  spaces  of  Fontana;  4,  canal  of  Schlemm;  5,  6,  vessels  tributary 
to  canal  of  Schlemm ; 7,  8,  9,  fibrous  bundles  of  sclerotic  cut  transversely ; 10,  origin 
of  meridional  ciliary  muscle;  11,  12,  bloodvessels.  (Waldeyer.) 


hitter  being  arranged  in  three  groups,  namely,  the  meridional^ 
the  radial,  and  tlie  circnlar  fibres.  The  cireidar  fibres  are  tlie 
most  internal,  and  form  a ring  around  the  attached  margin  of 
iris,  known  as  the  ring-musele  of  Midler.  The  ciliary  muscle 
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receives  its  blood-supply  from  branches  derived  from  the 
vessels  found  in  the  ciliary  body. 

THE  IRIS. 

The  iris  is  a connective-tissue  membrane,  the  anterior  con- 
tinuation of  the  choroid,  suspended  in  the  aqueous  humor 
between  the  lens  and  cornea.  It  is  contractile,  and  is  ])erfo- 
rated  at  its  centre  by  an  opening,  the  pupil.  Its  margin  is 
attached  to  the  cornea  in  front  by  the  pectinate  lujament  of  the 
iVis,  and  behind  it  is  attached  to  the  ciliary  body.  It  consists 
of  live  layers,  the  anterior  endothelium,  the  anterior  boundary 
layer,  the  vascular  stroma  layer,  the  posterior  boundary  layer, 
and  the  pigment-layer. 

The  anterior  endothelium  is  a single  layer  of  ])olygonal  cells 
containing  a finely  granular  protoplasm,  non-pigmented,  and 
continuous  with  the  endothelium  on  the  posterior  surface  of 
the  cornea. 

The  anterior  boundary  layer  is  a continuation  of  the  choroid, 
and  consists  of  a loose  fibrous  tissue  containing  lymphoid 
cells  within  its  meshes. 

The  vascular  stroma  layer  constitutes  the  main  portion  of 
the  iris,  and  consists  of  connective-tissue  bundles  looselv 
arranged,  in  which  are  numerous  bloodvessels  and  involuntary 
muscle-fibres.  The  muscle-fibres  are  arranged  in  two  sets, 
one  being  arranged  circularly  around  the  ]ui])il,  forming  its 
sphincter,  while  the  other  set  is  arranged  radially  and  dilates 
the  pupil. 

The  posterior  boundary  layer  is  a thin,  homogeneous  mem- 
brane corresponding  to  the  vitreous  layer  of  the  choroid. 

The  pigment-layer  consists  of  two  layers,  and  is  a continua- 
tion of  that  portion  of  the  retina  known  as  the  pars  iridica 
retinae.  The  anterior,  or  outer,  layer  is  com])osed  of  pigmented 
spindle-sha])ed  cells,  while  the  posterior,  or  inner,  layer  con- 
sists of  polygonal  pigment-cells.  The  posterior  surface  of 
this  pigment-layer  is  covered  by  a delicate  cuticular  mem- 
brane, the  memhrana  limitans  iridis. 

The  blood, -supply  to  the  iris  is  derived  from  the  long  and 
anterior  eiliary  arteries,  which  form  a circle  around  the  mar- 
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gin  of  the  iris,  from  which  branches  pass  toward  the  pupil, 
forming  a second  arterial  circle  at  the  margin  of  the  pupil. 
The  nerves  to  the  iris  form  a plexus  near  its  outer  margin, 
branches  from  this  plexus  passing  into  the  circular  and  radi- 
ating muscle-fibres.  The  pectinate  ligament  is  formed  by  the 
splitting  up  of  the  posterior  elastic  membrane  of  the  cornea 
into  a number  of  fibres.  Some  of  these  fibres,  with  fibres 
from  the  ciliary  muscle  and  sclera,  form  an  annular  mass  of 
spongy  tissue,  which  contains  the  spaces  of  Fontana,  which 
communicate  with  the  canal  of  Schlemm,  an  annular  channel 
found  at  the  sclerocorneal  juncture. 

THE  LENS. 

The  crystalline  lens  is  a biconcave  body  suspended  by 
means  of  its  suspensory  ligament,  or  ligament  of  Zlnn,  behind 
the  iris  and  in  front  of  the  vitreous  humor.  It  consists  of 
the  lens-substa)ice  and  lens-capsule. 

The  lens-substance  is  a transparent  gelatinous  substance 
comjiosed  of  lens-fibres,  and  covered  on  the  anterior  portion 
with  epithelium.  These  fibres,  which  make  up  the  greater 
]iart  of  the  lens,  are  long,  transparent,  hexagonal  epithelial 
cells  cemented  to^etlier  bv  an  albuminous  material  and 
arranged  concentrically  and  meridionally.  Each  fibre  has 
one  or  more  oval  nuclei,  which  are  usually  placed  near  the 
middle  of  the  cells. 

The  anterioy'  epithelium  consists  of  a single  layer  of  low 
cuboidal  cells  covering  the  lens  anteriorly,  being  attached  to 
the  capsule  by  an  albuminous  material  above,  while  below 
them  a layer  of  the  same  material  attaches  them  to  the  lens- 
fibres. 

The  capsule  is  a homogeneous  membrane,  thicker  anteriorly 
than  posteriorly,  and  composed  of  elastic  tissue,  being  con- 
tinuous at  the  margin  with  the  suspensory  ligament. 

The  suspensoi'y  llgamemt,  or  the  zone  of  Zlnn,  consists  of 
delicate  fibres  which  extend  from  the  surface  of  the  hyaloid 
membrane  near  the  ora  serrata,  over  the  ciliary  processes  to 
the  capsule  of  the  lens,  at  which  point  it  divides  anteriorly 
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Fjg.  101. 


Vertical  section  through  the  upper  eyelid:  a,  skin  ; b,  orbicularis  palpebrarum ; 
b',  marginal  fasciculus  of  orbicularis  (ciliary  bundle);  c.  levator  palpebrre;  d,  con- 
junctiva; e,  tarsal  plate;/,  Meibomian  gland:  g,  sebaceous  gland;  h,  eyelashes; 
t,  small  hairs  of  skin  ; j,  sweat-glands  ; k,  posterior  tarsal  glands.  (After  Waldeyer.) 


and  posteriorly,  leaving  a triangular  space  between,  the  canal 
of  Petit. 
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THE  EYELIDS. 

The  eyelids  are  folds  of  the  integument  enclosing  muscles, 
connective  tissue,  and  glands.  They  are  composed  of  five 
layers : the  skin,  the  muscular  layer,  the  median  connective 
tissue,  the  tarsal  plate,  and  the  conjunctiva. 

The  skin  covers  the  external  surface  of  the  eyelids,  and  is 
thin,  covered  with  fine  hairs,  and  contains  a few  sebaceous 
and  sweat-glands.  Pigment-cells  are  always  present  in  the 
true  skin.  A layer  of  subcutaneous  tissue,  containing  no  fat, 
separates  the  skin  from  the  muscular  layer. 

The  eyelashes,  or  cilia,  are  two  or  three  rows  of  thick 
curved  hair  found  at  the  free  edge  of  the  lids. 

The  muscular  layer  consists  of  bundles  of  voluntary  mus- 
cle-fibres of  the  orbicularis  palpebrarum  muscle. 

The  median  connective  tissue  is  composed  of  areolar  tissue, 
the  fascia  pidpebralis,  with  fibres  from  the  tendon  of  the 
levator  palpebrie  as  well  as  a few  involuntary  muscle-fibres. 

The  tarsal  plate  consists  of  a number  of  bundles  of  dense 
fibrous  tissue  in  which  are  found  a number  of  modified  seba- 
ceous glands,  the  Meibomian  glands.  These  glands,  twenty - 
five  to  thirty  in  nund)er,  consist  of  alveoli  lined  with  a 
cubical  epithelium,  emptying  into  a tubular  duct  lined  with 
a stratified  scpiamous  epithelium,  which  discharges  its  fatty 
contents  near  the  eyelashes. 

The  conjunctiva  is  the  inner  layer  of  the  eyelid,  and  con- 
sists of  stratified  columnar  epithelium  resting  on  a tunica 
propria.  This  epithelium  changes  to  the  stratified  squamous 
variety  at  the  point  where  it  is  reflected  on  the  cornea,  and 
also  at  the  point  where  it  joins  the  upper  layers  of  the  skin 
at  the  lid  margins. 

The  nerves  of  the  conjunctiva  are  numerous  and  form  rich 
])lexuses.  Each  terminates  in  a peculiar  form  of  tactile  cor- 
puscle, the  terminal  bulb  of  Krause. 

THE  LACHRYMAL  GLANDS. 

The  lachrymal  glands  are  compound  tubnlar  glands  having 
several  excretory  ducts  which  empty  their  secretion  on  the 
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surface  of  the  conjunctiva.  They  are  serous  glands,  are  lined 
Avith  polyhedral  glandular  epithelium,  their  ducts  being  lined 
with  columnar  epithelium. 

The  lachrymal  canals,  or  canalicuUy  beginning  at  the  inner 
canthus  of  the  eye,  and  carrying  the  tears  to  the  lachrymal 
sac,  are  composed  of  a stratihed  squamous  e])ithelium  resting 
upon  a tunica  of  libroelastic  tissue,  surrounded  externally  by 
a layer  of  striated  muscle-fibre. 

The  lachrymal  sac,  as  well  as  the  nasal  duct,  is  coni])osed 
of  a libroelastic  coat  lined  with  stratified  columnar  epithelium. 


DEVELOPMENT  OF  THE  EYE. 

The  retina  and  optic  nerve  are  the  essential  parts  of  the 
eye,  and  are  ectodermic,  being  an  outgrowth  from  the  brain. 


Fig.  102. 
yp 


Diagrammatic  sketch  of  a vertical  longitudinal  section  through  the  eyeball  of  a 
human  foetus  of  four  weeks.  Magnified  100  diameters.  The  section  is  a little  to  the 
side,  so  as  to  avoid  passing  through  the  ocular  cleft,  c,  the  cuticle  where  it  becomes 
later  the  epitheliuin  of  the  cornea  ; I,  the  lens  : op,  optic  nerve  formed  by  the  pedicle 
of  the  primary  optic  vesicle  ; ip,  primary  medullary  cavity  of  the  optic  vesicle ; p, 
the  pigment-layer  of  the  retina;  r,  the  inner  wall  forming  the  nervous  layers  of  the 
retina;  vs,  secondary  optic  vesicle  containing  rudiment  of  the  vitreous  humor. 
(After  Kolliker.) 


A diverticulum,  the  optic  vesicle,  from  the  side  of  the  primary 
forebrain  vesicle,  is  formed  as  the  first  step  in  the  develop- 
ment of  the  eye.  This  optic  vesicle  groAvs  toAvard  the  surface, 
and  the  ectoderm  at  the  point  of  contact  becomes  thickened 
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and  depressed  to  form  the  lens-vesicle^  from  which  the  crys- 
talline lens  is  developed. 

The  tibrous  structures  of  the  eye,  as  the  capsule  of  the 
lens,  the  sclera,  cornea,  the  choroid,  and  the  iris,  as  well  as 
the  vitreous  humor,  are  derived  from  the  mesoderm.  The 
epithelium  of  the  lids  and  conjunctiva  is  from  the  ectoderm^ 
as  are  also  the  hairs  and  the  glands  associated. 

QUESTIONS. 

Name  the  parts  composing  the  eye. 

Into  what  two  parts  is  the  eyeball  divided? 

Of  what  does  the  anterior  chamber  consist  ? 

What  does  the  posterior  chamber  embrace  ? 

Name  the  layers  of  tissue  enveloping  the  eyeball. 

Descril)e  the  sclerotic  coat. 

Describe  the  choroid  coat. 

Name  the  areas  of  the  retina. 

Name  the  layers  of  the  retina  proper.  Describe  each  layer. 

Describe  the  macula  lutea  ; the  fovea  centralis;  the  ora  serrata. 

Describe  the  blood-supply  to  the  retina. 

Name  tlie  layers  of  the  cornea.  Describe  each  layer. 

Ijocate  the  ciliary  body.  Name  the  i>arts  and  describe  each. 

What  is  tlie  iris,  and  where  is  it  located?  Name  and  describe  the  layers. 
Of  what  does  the  lens  consist?  Describe  the  parts. 

Where  is  the  canal  of  Petit? 

What  are  the  eyelids?  Name  the  layers  and  describe  each. 

Describe  the  lachrymal  glands. 

From  what  layer  is  the  retina  derived  ? 

What  is  the  optic  vesicle  ? 

From  what  is  the  lens  formed? 

From  what  layer  are  the  choroid  and  sclera  formed  ? 


CHAPTER  XA"I. 

THE  ORGAN  OF  HEARING. 

The  ear  is  the  organ  of  hearing,  and  is  divided  into  three 
parts  : the  external  ear,  including  the  pinna,  or  auricle,  and 
the  external  auditory  canal ; the  middle  ear,  tympanum,  or 
tympanic  cavity,  whicli  contains  the  ossicles  and  communi- 
cates with  the  jtharynx  by  tlie  Eustachian  tube;  and  the  inner 
ear,  or  labyrinth,  whit^h  consists  of  a bony  and  a membra- 
nous portion,  the  latter  being  lined  with  the  neuroepithelium 
in  which  terminate  the  auditory  nerves. 
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The  external  ear  consists  of  the  auricle,  made  u))  of  elastic 
cartilage  covered  with  subcutaneous  tissue  and  skin,  and  the 
auditory  canal,  composed  of  cartilage,  like  the  auricle,  except 
the  inner  bony  portion,  and  covered  with  a thick  skin  which 
is  raised  into  papilljB  in  the  cartilaginous  portion  of  the 
canal  and  contains  hairs  and  tubular  glands,  the  ceruminous 
glands,  similar  to  sweat-glands,  except  secreting  a waxy 
substance.  These  glands  often  become  confluent,  and  then 
have  only  a single  excretory  duct,  which  empties  into  a hair- 
follicle  near  the  surface  of  the  skin.  The  coriuni  of  this 
portion  of  the  canal  is  loosely  attached  to  the  under  struct- 
ures, but  in  the  bony  j)ortion  of  the  canal  is  closely  attached 
to  the  periosteum.  The  skin  in  this  latter  part  contains 
neither  hairs  nor  glands,  and  is  raised  into  slender  papillae. 

The  middle  ear,  or  tympanum,  is  a small,  irregular  cavity, 
filled  with  air,  and  situated  in  the  petrous  portion  of  the 
temporal  bone  between  the  tympanic  membrane  on  the  outer 
side  and  the  bony  wall  of  the  inner  ear  on  the  inner  side, 
and  communicating  with  the  pharynx  through  the  Eustachian 
tube  anteriorly,  and  with  the  mastoid  sinuses  posteriorly. 

The  tympanum  contains  the  small  ear  bones,  the  ossicles, 
connecting  the  tympanic  membrane  with  the  fenestra  ovalis. 
The  mucous  membrane  lining  this  cavity  and  the  ])assages 
communicating  with  it  is  thin  and  composed  of  a single  layer 
of  low  cuboidal  cells,  ciliated  in  some  places  and  non-ciliated 
'in  others. 

The  tympanic  membrane  consists  of  a lamina  of  white 
fibrous  tissue  covered  with  the  two  varieties  of  epithelium 
which  line  the  auditory  canal  and  the  tympanic  cavity, 
namely,  the  outer,  of  stratified  squamous  epithelium  similar 
to  the  skin,  and  the  inner,  of  simple  squamous  epithelium. 

The  bloodvessels  of  the  tympanic  membrane  are  derived 
partly  from  the  vessels  of  the  tympanic  cavity,  and  partly 
from  those  of  the  external  meatus.  There  are  two  vascular 
networks — the  inner,  which  lies  under  the  mucous  membrane, 
and  the  outer,  situated  between  the  stratified  squamous  epithe- 
lium and  the  lamina  of  white  fibrous  tissue.  These  networks 
surround  the  handle  of  the  malleus  and  form  ridges  around 
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the  border  of  the  tympanic  membrane.  The  tympanic  mem- 
brane receives  its  nerve-supply  from  tlie  auriculotemporal 
branch  of  the  inferior  maxillary,  the  auricular  branch  of  the 
vagus,  and  the  tympanic  branch  of  the  glossopharyngeal 
nerves. 

The  seco7idary  tympanic  membrane  at  the  fenestra  rotunda 
is  covered  externally  with  mucous  membrane  continuous  with 
the  mucosa  of  the  tympanic  cavity,  and  internally  with  endo- 
thelium continuous  with  that  lining  the  internal  ear. 

The  Eustachian  tube,  which  connects  the  tympanic  cavity 
with  the  pharynx,  is  formed  of  bone  and  cartilage,  covered 
with  fibrous  tissue,  and  a mucous  membrane  of  stratified 
ciliated  epithelium,  thin  in  the  upper  portion  of  the  canal 
and  thicker  as  it  apj)roaches  the  pharynx.  The  epithelium 
of  the  os.seous  ])ortion  contains  no  glands,  but  in  the  carti- 
laginous ])ortion  lymphoid  tissue  and  mucous  glands  are 
found,  esj)ecially  near  the  ])haryngeal  opening  of  the  tube. 

In  the  mastoid  cells  the  epithelium  is  closely  attached  to 
the  periosteum,  and  is  of  the  simple  non-ciliated  squamous 
variety. 

The  auditory  ossicles,  which  are  the  stapes,  the  malleus,  and 
the  incus,  are  true  bones,  having  Haversian  canals  and 
lamelhT,  and  covered  at  their  articular  ends  with  cartilage. 

The  internal  ear,  or  labyrinth,  is  the  most  important  portion 
of  the  organ  of  hearing,  and  consists  of  a series  of  complex 
cavities,  the  bo7iy  labyrinth,  within  which  is  the  nmnbranous 
labyrinth. 

The  bony  labyrinth  is  made  up  of  three  intercommunicating 
cavities,  the  vestibule,  the  cochlea,  and  the  se7nicircular  ca7ials, 
which  are  lined  with  a delicate  periosteum.  The  membranous 
labyrinth  is  a cast  of  the  bony  labyrinth,  and  between  the 
two  is  a Ivmph-space,  lined  with  endothelium,  and  containing 
a fluid,  i\\Q  perihpnph. 

The  vestibule  has  bony  walls  lined  with  periosteum  and  a 
thin  serous  membrane,  secreting  the  perilymph.  It  is  situ- 
ated between  the  cochlea  and  semicircular  canals,  is  an  ovoid 
bony  cavity,  and  on  the  outer  or  lateral  wall  is  the  oval 
window  in  communication  with  the  tympanum,  and  at  the 
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anterior  portion  of  the  inner  or  median  wall  is  a round  depres- 
sion, the  fovea  /leniispherica,  through  which  enters  the  vestib- 
nlar  branch  of  the  auditory  nerve. 

In  the  ])osterior  ])ortion  of  the  inner  wall  is  the  small 
opening  of  the  aquoeductus  ve-dibuh,  and  at  the  lower  and 
anterior  portion  of  the  vestibule  is  a larger  opening  leading  to 

Fig.  103. 


Opening  of  aqueductus  vestihuli. 

Bristle  passed  through  foramen  rotundum. 

Opening  of  aqueductus  cochlese 


The  osseous  labyrinth  laid  open.  (Enlarged.) 


the  scala  vestihuli  of  the  cochlea.  In  the  posterior  portion 
are  five  round  openings  of  the  semicircular  canals. 

The  membranous  labyrinth  consists  of  the  utricle  and  saccnle, 
contained  in  the  vestibnle,  a ]mrt  of  the  semicircular  canals, 
and  the  scala  media  of  the  coc^hlea. 

These  structures  consist  of  an  outer  layer  of  connective 
tissue,  rich  in  elastic  fibres,  a middle  layer  of  delicate  base- 
ment-membrane, and  an  inner  layer  of  sim])le  squamous 
epithelium.  Where  the  filaments  of  the  auditory  nerye  are 
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distributed,  the  epithelium  beeomes  thieker  and  the  cells 
a})proach  the  columnar  shape,  until  the  neuroepithelium  is 
reached  ; these  latter  places  being  called  the  macules  acmticce  in 
the  utricle  and  the  cristce  aeusticce  in  the  seniicircular  canals. 


Fig.  104. 


Radial  section  of  portion  of  cochlea  of  gninea-pig:  a,  scala  vestibuli;  b,  scala 
tympani ; c,  scala  media ; d,  membrana  tectoria  ; h,  membrane  of  Reissner ; j,  organ 
of  Corti,  resting  on  basilar  membrane  ; k,  stria  vascularis ; I,  ligamentnm  spirale ; 
m,  limbns;  n,  nerve-fibres  in  lamina  spiralis;  o,  spiral  ganglion;  p,  nerve-fibres  in 
modiolus  ; s,  bony  wall.  (Klein.) 

Tlie  newroepitlielium  contains  two  sorts  of  cells,  the  fibre- 
cells,  which  are  long  cells  with  broad  extremities,  and  an  oval 
nucleus ; and  the  hair-cells,  which  are  cylindrical  ciliated 
cells. 
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The  cilia  on  these  latter  cells  are  the  supposed  terminals 
of  the  auditory  nerve,  and  are  called  auditory  hairs. 

THE  COCHLEA. 

The  cochlea  consists  of  a tube  surrounded  l)y  bone  and 
coiled  two  and  a half  turns  around  a column,  the  modiolus, 
which  contains  branches  of  the  auditory  nerve  and  is  a nearly 
horizontal  central  axis. 

The  cochlea  is  situated  anterior  to  the  vestibule , and  if 
the  investing  bony  substance  were  removed,  it  would  appear 
as  a cone,  the  apex  of  which  looks  outward  and  somewhat 
downward  and  forward. 

The  tube  is  divided  into  three  parts — the  scala  vestibuli,  the 
scala  tynvpani,  and  the  scala  media. 

The  scala  vestibuli  and  tyrnpani  are  separated  internally 
by  the  lamina  spiralis  of  bony  substance,  and  the  sceda  media 
externally,  and  both  are  lined  with  endothelium.  The  scala 
media  is  se])arated  from  the  scala  vestibuli  by  the  memby^ane 
of  Reissner,  a fibrous  structure  lined  with  endothelium  on  the 
side  of  the  vestibule  and  with  simple  squamous  epithelium 
within  the  scala  media. 

On  the  outer  wall  of  the  scala  media  there  is  a single  layer 
of  epithelium,  varying  from  the  squamous  to  the  columnar, 
which  covers  a layer  of  vascular  fibrous  tissue  resting  against 
the  bone.  The  lower  wall  is  composed  of  a part  of  the 
lamina  spiralis,  the  basilar  membrane,  and  the  epithelium, 
constituting  the  organ  of  Corti,  which  lies  upon  this  latter 
membrane. 

The  organ  of  Corti  extends  nearly  the  entire  length  of  the 
cochlear  tube,  and  consists  of  a series  of  epithelial  arches, 
the  pillars  of  Corti,  between  which  is  the  tunnel  of  Corti.  To 
these  cells  the  final  ramifications  of  the  cochlear  branch  of 
the  auditory  nerve  are  distributed. 

The  pillar-cells  have  slender  bodies,  large  extremities,  and 
the  nuclei  are  at  the  lower  end  of  the  cell. 

Next  to  the  pillar-cells  are  the  inner  hair-cells,  a single  row 
of  columnar  epithelial  cells,  which  have  cilia  on  their  u])]^er 
extremity,  and  the  attached  ends  not  extending  to  the  basilar 
13— His. 
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membrane,  and  the  outer  hair-cellsj  consisting  of  several  rows 
of  cells  similar  to  the  inner  cells. 

Surrounding  and  nearly  inclosing  the  outer  hair-cells  are 
the  eells  oj  Deiters,  which  are  fusiform  and  extend  from  the 


Fig.  105. 


surface  to  the  basilar  membrane,  their  bases  separated  by  the 
spaces  of  Nuel. 

External  to  the  outer  hair-cells  are  the  cells  of  Hensen,  of 
long  columnar  epithelium  which  merges  into  a lower  colum- 
nar, the  cells  of  ClaiuUus,  on  the  extreme  outer  part. 

The  I )lood- supply  of  the  internal  ear  is  the  auditory  artery, 
a branch  of  the  basilar,  which  enters  the  internal  auditory 
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meatus  with  the  auditory  nerve  and  divides  for  the  cocldea 
and  the  vestibule. 

The  arteria  auditiva  divides  into  three  hraiiches : the 

mieria  vestibularis,  which  supplies  the  upper  and  lateral 
parts  of  the  sacculus  and  utriculus,  and  the  ampullae  of  the 
upper  and  lateral  semicircular  canals ; the  arteria  vestihulo- 
Goohlearis,  which  supplies  the  lower  median  half  of  the  sac- 
culus and  utriculus,  the  lower  end  of  the  cochlea,  the  poste- 
rior ampulla,  and  the  first  third  of  the  first  coil  of  the 
cochlea ; the  arteria  cochlearis,  which  supplies  all  the  rest  of 
the  cochlea. 

The  lymphatics  of  the  internal  ear  terminate  in  the  tym- 
panic and  intracranial  lymphatic  vessels. 

The  auditory  nerve  is  the  nerve  of  the  special  sense  of 
hearing,  and  in  the  internal  auditory  meatus  it  divides  into 
two  branches,  the  cochlear  and  the  vestibular ; the  former 
is  distributed  to  the  cochlea,  and  the  latter  to  the  walls  of 
the  membranous  vestibule  and  ampullae  of  the  semicircular 
canals. 

The  cochlear  branch  of  the  auditory  nerve,  after  giving  off 
branches  to  the  saccule  and  ampulla  of  the  posterior  semicir- 
cular canal,  divides  into  numerous  filaments  at  the  base  of 
the  modiolus.  Those  for  the  basal  and  middle  coils  ]>ass 
through  the  foramina  in  the  tractus  foraminosus,  those  for 
the  apical  coil  pass  through  the  canalis  centralis,  and  the 
nerves  bend  outward  to  pass  between  the  lamellae  of  the 
osseous  spiral  lamina.  The  spiral  canal  of  the  modiolus  con- 
tains the  ganglion  spirale,  consisting  of  bipolar  nerve-cells, 
which  constitute  the  cells  of  origin  of  this  nerve,  one  pole 
being  prolonged  centrally  to  the  brain,  and  the  other  perijdie- 
rally  to  the  hair-cells  of  Corti’s  organ.  On  reaching  the 
outer  edge  of  the  osseous  spiral  lamina  they  pass  through  the 
foramina  in  the  labium  tympanicum  and  end,  some  in  the 
inner  hair-cells  and  some  in  the  outer  hair-cells. 

DEVELOPMENT  OF  THE  EAR. 

The  internal  ear,  with  its  membranous  labyrinth,  contain- 
ing the  specialized  neuroepithelium,  is  the  part  first  formed. 
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The  ectodermic  cells  on  the  surface  of  the  skin  become  in- 
vaginated  to  form  a pit,  which  later  closes  to  make  the 
primary  otic  vesicle^  from  which  the  membranous  tube  is 
developed,  while  the  enveloping  fibrous  and  osseous  struct- 
ures are  formed  from  the  surrounding  mesoderm. 

The  otic  vesicle  is  gradually  receded  from  the  ectoderm  of 
the  surface  by  the  growth  of  the  intervening  mesoderm. 
Then  it  changes  its  spheroidal  form  and  becomes  pear-shaped, 
with  the  pointed  end  directed  backward  to  form  the  recessus 
vestibuli,  which  is  a part  of  the  embryonal  labyrinth.  The 
semicircular  canals  are  formed  as  tubular  projections  from  the 
otic  vesicle.  At  the  same  time  a diverticulum,  the  cochlear 
canal,  is  formed  at  the  lower  extremity  of  the  vesicle.  The 
middle  ear  is  developed  from  the  back  part  or  dorsal  end  of 
the  first  inner  visceral  furroiv. 

The  external  ear  is  developed  from  the  first  older  visceral 
furroiv.  The  tympanic  membrane  consists  of  a mesodermic 
middle  layer,  and  is  covered  on  the  outer  side  by  ectodermic, 
and  on  the  inner  side  by  entodermic,  layers. 

QUESTOINS. 

How  do  we  divide  the  ear  into  anatomical  parts? 

Of  what  does  tlie  external  ear  consist?  Describe  each  part. 

What  is  the  middle  ear  ? 

Descril)e  the  tympanic  membranes. 

Describe  the  Eustachian  tube. 

Wliat  does  the  internal  ear  comprise  ? 

Describe  the  vestibule. 

Of  what  does  the  membranous  labyrinth  consist?  Describe  these  struct- 
ures. 

Of  what  does  the  cochlea  consist?  Into  what  parts  is  it  divided  ? 

Locate  the  scala  media.  Describe  its  upper  wall ; outer  wall. 

Of  what  is  the  lower  wall  composed  ? 

Ijocate  the  organ  of  Corti. 

Describe  the  pillar-cells. 

Describe  the  hair-cells. 

What  are  the  cells  of  Deiters  ? 

Describe  the  cells  of  Hensen  and  Claudius. 

Describe  the  formation  of  the  primary  otic  vesicle. 

From  what  is  the  middle  ear  formed  ? The  external  ear? 
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CHAPTEK  XVll. 

THE  NASAL  MUCOUS  MEMBRANE. 

The  nasal  mucosa  consists  of  the  membrane  lining  the 
vestibule,  the  respiratory  region,  and  the  olfactory  region,  and 
is  continuous  with  the  mucous  membrane  of  the  pharynx, 
sphenoid  and  ethmoid  cells,  frontal  sinuses,  antra  of  High- 
more,  or  maxillary  sinuses,  lachrymonasal  ducts,  and  lachry- 
mal sacs. 

The  olfactory  mucous  membrane  proper  (Schneiderian  or 
pituitary  membrane)  is  confined  to  the  middle  of  the  su])erior 


Fig.  106. 


Diagram  of  the  nervous  mechanism  of  the  olfactory  apparatus  : a,  olfactory  por- 
tion of  the  nasal  mucous  membrane  ; 6,  second  or  glomerular  layer  of  the  olfactory 
bulb  j,  at  the  right  edge  of  the  molecular  layer,  which  is  dotted.  The  cells  of  this 
layer  are  omitted,  c,  fourth  layer  of  the  bulb,  the  layer  of  the  mitral  cells,  two  of 
which  are  represented;  e,  m,  cells  of  the  fifth  or  granular  layer;  d,  olfactory  tract; 
g,  cerebral  cortex;  h,  neurite  from  a mitral  cell,  giving  off  a collateral  to  the  den- 
drites of  a pyramidal  cell  in  the  gray  matter  of  the  brain  ; /,  pyramidal  cells  of  the 
olfactory  tract ; j,  collateral  from  a mitral  neurite  passing,  recurrently,  into  the 
molecular  layer  ; I,  centrifugal  neurite  from  the  cerebrum.  (R.  y Cajal.) 

turbinate  bone  and  to  the  corresponding  portions  of  the  nasal 
septum,  while  the  remaining  portions  of  the  nasal  fosste  and  ac- 
cessory spaces  are  lined  with  the  respiratory  mucous  membrane. 

The  vestibule  is  lined  with  stratified  squamous  epithelium, 
which  is  a continuation  of  the  skin,  and  contains  hairs,  seba- 
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ceons  ami  sweat  glands.  The  hairs  and  glands  disappear  a 
short  distance  from  the  outside,  and  the  epithelium  becomes 
similar  to  a mucous  membrane,  containing  mucous  glands. 

The  respirato7'ij  region  is  lined  with  simple  stratified  ciliated 
epithelium,  in  which  are  goblet-cells  and  many  bloodvessels. 
The  transition  to  the  respiratory  region  is  usually  marked  by 
the  appearance  of  a layer  of  ciliated  epithelial  cells  and  a 
connective-tissue  tunica  propria  containing  many  leucocytes 
and  branched  tubular  glands. 

The  olfactory  region,  located  as  above  stated,  is  lined  with 
a mucous  membrane  not  so  red  in  color,  more  brownish 
yellow,  and  consisting  of  the  stratified  columnar  type,  in 
which  three  kinds  of  cells  are  distinguished — the  olfactory 
cells,  the  sustentacidar  cells,  and  the  basal  cells. 

The  olfactory  cells  nvo  spindle-shaped,  with  a spheric  nucleus, 
Iving  in  the  thickest  part  of  the  cell,  and  are  connected  by 
the  filaments  of  the  olfactory  nerve. 

Two  ])rotoplasmic  processes  are  sent  out  from  these  cells: 
the  upper  one,  reaching  to  the  free  surface  of  the  epithelium, 
is  verv  short,  and  on  its  free  end  are  found  a number  of  firm 
short  hairs,  while  the  lower  and  thinner  process  forms  the 
axis-cylinder  of  a centripetal  nerve-fibre. 

The  sustentacular  cells  are  the  most  numerous,  and  are  long 
columnar  cells  with  deeply  placed  oval  nuclei.  On  the  sides 
of  these  cells  are  small  depressions  which  are  filled  by  the 
bodies  of  the  olfactory  cells.  The  protoplasm  of  the  susten- 
tacular cells  contains  a yellowish  pigment,  together  with 
numerous  granules  arranged  in  longitudinal  rows,  thus  giving 
to  this  part  of  the  mucous  membrane  a characteristic  color. 

The  basal  cells  are  a row  of  cells  between  the  surface  epi- 
thelium and  the  connective-tissue  basement-membrane. 

The  epithelium  of  the  olfactory  region  is  covered  on  the 
surface  with  an  extremely  delicate,  homogeneous  membrane, 
the  inembrana  limitans  offactoria,  through  which  the  ciliated 
extremities  of  the  olfactory  cells  project.  This  membrane  is 
covered  with  a peculiar  substance  resembling  mucus. 

The  tunica  jrropria  is  made  up  a loose  network  of  fibro- 
elastic  fibres,  in  which  are  embedded  numerous  olfactory 
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glands  (Bowman’s)  containing  pigmented  cells  and  having  a 
nuicons  secretion. 

The  tunica  propria  also  carries  numerous  branches  of  the 
olfactory  nerve  in  both  the  olfactory  and  respiratory  regions. 
These  nerve-ramifications  rc])catedly  subdivide  and  lose  their 
medullary  sheath,  and  most  of  them  end  in  terminal  nodules. 

The  complete  iierve-supplfy  to  the  nasal  mucous  membrane 
consists  of  the  olfactory,  nasal,  and  nasoj^alatine  nerves. 


Fig.  107. 


Section  of  the  olfactory  mucous  membrane : a,  epithelium ; b,  glands  of  Bowman ; 

e,  nerve  bundles.  (Cadiat.) 


branches  from  Meckel’s  ganglion  and  the  Vidian  nerve, 
branches  from  the  anterosuperior  dental  nerve,  and  branches 
from  the  anterior  palatine  nerve. 

Bloodvessels  are  very  abundant  in  the  submucosa  imme- 
diately beneath  the  basement-membrane  of  the  epithelium, 
and  often  a well-developed  vascular  plexus  is  found,  especially 
at  the  posterior  portion  of  the  inferior  turbinate  bone,  form- 
ing here  a tissue  resembling  erectile  tissue.  The  blood-supply 
of  the  nasal  cavities  is  derived  from  the  sphenopalatine. 
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jinterior  and  posterior  ethmoid  arteries,  and  the  artery  of  the 
sej)tnm. 

The  lijniph-vessds  are  arranged  in  a network  in  the  tunica 
propria. 

Development  of  the  Nasal  3fucous  3Iembrane. — The  olfactory 
epithelium  is  an  ingrowth  of  the  primitive  olfactory  plates, 
which  are  two  areas  of  thickened  ectoderm. 

The  ontgrowth  of  the  surrounding  parts  converts  these 
areas  into  the  nasal  pits. 


QUESTIONS. 

Of  what  does  the  nasal  mucous  membrane  consist? 

Describe  the  vestibule. 

Describe  the  respiratory  region. 

Locate  the  olfactory  region. 

What  three  kinds  of  cells  are  found  in  this  region? 

Describe  the  olfactory  cell ; the  sustentacular  cell ; the  basal  cell. 
How  do  the  nerves  terminate? 

From  what  is  the  olfactory  epithelium  derived? 

What  makes  the  nasal  pits  ? 


CHAPTER  XVIII. 

DEVELOPMENT  OF  THE  OVUM. 

In  preceding  chapters  the  structure  of  a typical  cell  and 
the  primary  ovum  have  been  described,  and  also  the  de- 
velopment of  the  special  organs  from  the  three  primary 
layers  and  the  early  embryonic  formations,  but  there  remain 
to  be  described  the  processes  of  the  maturation,  the  fertiliza- 
tion, and  the  segmentation  of  the  ovum,  and  the  formation 
of  the  blastodermic  vesicle  with  the  primary  germ-layers. 

3Iaturation,  or  ripening,  is  a process  by  which  the  ovum  is 
prepared  for  fertilization,  and  without  which  the  latter  process 
would  be  im])ossible.  It  consists  in  the  extrusion  from  the 
ovum  of  a part  of  its  nucleus  and  a small  part  of  its  proto- 
plasm, called  the  polar  bodies. 

First,  the  germinal  vesicle,  or  nucleus  of  the  ovum,  moves 
toward  the  periphery  of  the  cell ; second,  there  is  formed  a 
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nuclear  spindle  from  the  nucleus  ; third,  extrusion  of  a small 
portion  of  the  ovum  as  i\\c  first  polar  body  occ.wys  ] fourth, 
another  division,  and  the  second  polar  body  is  given  off;  and 
lifth,  appearance  of  a new  and  smaller  nucleus,  the  fem(de 
pronucleus,  occurs.  The  cell  is  now  ready  for  the  next  stage. 

Fertilization  is  the  union  of  the  male  element,  a single 
spermatozoon,  with  the  mature  female  element,  the  ovum, 
and  the  two  resulting  in  the  formation  of  a new  cell  to  pro- 
duce another  complex  organism. 

The  spermatozoon  penetrates  the  zona  pellucida  of  the 
ovum,  and  is  met  by  a ])rojection  of  the  cell-protoplasm  in 


Fig.  108. 


Formation  of  polar  globules  in  arteria  gracialis : Sp,  nuclear  spindle : Pg,  first  polar 
globule ; Spg,  second  polar  globule ; fp,  female  pronucleus.  (After  O.  Ilertwig.) 


which  the  head  of  the  male  element  becomes  blended.  The 
spermatozoon  loses  its  tail  and  then  appears  as  a small  round 
body  within  the  jirotoplasm  of  the  cell,  called  the  male  pro- 
nucleus. 

The  male  and  female  pronuclei  now  unite  to  form  the  new 
nucleus  of  the  fertilized  ovum,  the  seepnemtation  nucleus. 

Segmentation  is  the  process  by  which  the  original  cell  mul- 
tiplies, the  phenomenon  of  indirect  cell-division  or  karyo- 
kinesis. 
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Some  of  the  cells  divide  faster  than  others,  and  a hollow 
mass,  the  blastodermic  vesicle,  is  thus  formed,  having  an  inner 
row,  the  primitive  entoderm,  and  an  outer  row  of  cells,  the 
primitive  ectoderm. 

At  this  stage  there  appears  on  the  blastodermic  vesicle  an 
oval  dense  area  ot  cells,  the  embryonal  area,  at  whose  poste- 
rior j)ole  a linear  opacity  occurs,  called  the  primitive  streak. 


Fig.  109. 


Optical  section  of  an  oosperm  of  a rabbit,  at  two  stages  closely  following  upon 
segmentation:  cp.,  ectoderm;  /??;.,  j)rimary  entoderm ; , the  opening  in  the  ecto- 

dermic layer  at  one  point,  named  blastopore  by  E.  van  Beneden : this  is  not  a true 
blastopore.  The  shading  of  the  ectoderm  and*  entoderm  is  diagrammatic.  (From 
Balfour,  after  Ed.  v.  Beneden.) 

This  embryonal  area  is  especially  concerned  in  the  develop- 
ment of  the  embryo. 

A third  layer,  the  primitive  mesoderm,  is  now  formed  from 
a splitting  off  from  the  entoderm ic  and  the  ectodermic  layers 
along  the  primitive  streak. 

The  mesoderm  is  unlike  the  other  two  layers  in  that  it  does  not 
extend  around  the  ovum,  but  is  limited  to  the  embryonal  area. 

The  ectoderm,  just  in  front  of  the  primitive  streak,  thickens 
into  a band  of  cells  on  either  side  of  the  median  axial  line ; 
these  are  called  the  medullary  plates,  and  between  them  is 
the  medullary  groove,  or  neural  canal,  the  antecedent  of  the 
cerebrospinal  system. 
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The  mesoderm  becomes  thickened  on  either  side  of  the 
neural  canal,  making  two  longitudinal  bands,  the  munde- 
plates. 

That  portion  of  the  muscle-plate  nearest  the  groove  is 


Fig.  110. 


Fore-brain. 


Optic  vesicles. 

Mid-brain. 

Hind-brain. 


■Primitive  segments. 


— Medullary  groove. 


—Sinus  rhomboidalis. 


Chick  embryo.  Second  day.  (Manton  collection.) 


thickest,  and  is  called  the  segmental  zone,  and  the  external, 
the  pa7'ietal  zone. 

The  segmental  zone,  after  undergoing  a transverse  cleavage, 
forms  the  myotomes,  from  which  arise  the  voluntarv  muscles 
of  the  body. 

Externally  to  the  parietal  zone  the  mesoderm  splits,  and  an 
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external  }>art  unites  with  the  ectoderm  to  form  the  primitive 
body-wall^  and  an  external  j>art  with  the  entoderm  to  form 


Fig.  111. 


Development  of  the  neural  canal.  (After  Waldeyer.) 

md,  medullary  groove ; .4,  aorta;  Wolffian  duct ; Fc,  cardinal  vein ; So,  somato- 

pleure ; Sp,  splanchnopleure  ; C,  coelom. 


the  primitive  intestinal  wall,  leaving  a space  between  these 
two  parts  to  form  the  pleuroperitoneal  cavity. 

QUESTIONS. 

What  is  maturation  ? Describe  tlie  process. 

What  is  fertilization  ? Describe  the  process. 

Wliat  is  segmentation  ? 

Describe  the  blastodermic  vesicle. 

What  is  the  primitive  streak? 

How  is  the  mesoderm  formed  ? What  is  the  peculiarity  of  this  layer? 
How  is  the  neural  canal  formed  ? What  does  it  later  become  ? 

What  are  the  muscle-plates,  and  what  do  they  form  ? 

How  is  the  primitive  body- wall  formed?  The  intestinal  wall? 

What  is  the  pleuroperitoneal  cavity? 
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C IT  A P T E R X J X . 

HISTOLOGICAL  TECHNIQUE. 

Many  objects  may  be  examined  in  the  fresh  state,  as  blood, 
detached  e[)ithelial  cells,  etc.,  between  the  slide  and  the  cover- 
slip  without  further  preparation.  Some  fresh  tissues,  as 
muscular  and  connective-tissue  fibres,  are  often  teased  or  torn 
into  minute  pieces  by  needles  in  a normal  salt  solution  (0.75 
per  cent,  solution  of  sodium  chloride  in  distilled  water),  and 
thus  prepared  for  examination. 

With  some  tissues  the  elements  can  not  be  separated  so 
easily,  and  we  are  compelled  to  use  some  of  the  following 
macerating  jiukls : 

a.  Potassium  or  sodium  hydrate  in  a 33  ])er  cent,  solution 
for  the  isolation  of  muscle-elements  and  the  nails.  In  4.6 
per  cent,  solution  for  hairs,  used  for  several  days. 

h.  Panver’s  dilute  alcohol  in  33  per  cent,  solution  is  used 
for  isolating  epithelial  cells.  The  tissues  are  allowed  to 
remain  in  this  solution  for  about  twelve  hours,  when  they 
may  be  easily  teased  out. 

c.  Hydrochloric  acid  in  10  ]ier  cent,  solution  may  be  used 
to  isolate  the  tubules  of  the  kidney. 

Most  tissues  and  organs  are  best  studied  after  a careful 
preparation  of  fixing,  hardening,  embedding,  sectioning,  stain- 
ing, and  mounting.  The  section  thus  made  is  almost  perma- 
nent, and  if  not  exposed  too  much  to  the  light,  will  last  a long 
time. 

Fixedion  and  Plardening. — By  this  is  understood  the  killing 
or  fixing  the  tissues  so  as  to  prevent  further  changes  in  their 
cellular  structure,  and  also  to  harden  them  to  allow  sections 
to  be  cut  when  embedded  in  some  substance  like  celloidin  or 
paraffin. 

The  fluids  most  used  are  the  following: 

Alcohol. — This  is  the  oldest  and  most  common.  It  with- 
draws the  water  of  the  tissues  and  coagulates  the  albumin, 
and  is  used  in  two  ways  : first,  the  gradually  increasing 
strengths,  as  50  per  cent.,  70  per  cent.,  and,  lastly,  95  per 
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cent. ; or,  second,  the  absolute  or  98  per  cent,  alcohol.  The 
first  method  requires  several  days,  the  latter  from  a few  hours 
to  twenty-four  hours.  The  piece  of  tissue  should  never  be 
more  than  one  cubic  centimeter  in  size. 

Formalin. — This  solution  is  made  by  diluting  commercial 
formalin,  which  is  a saturated  watery  solution  (40  per  cent.) 
of  formaldehyde  gas,  with  water  to  make  a 2 per  cent,  or  4 
per  cent,  fixing  solution.  It  is  one  of  the  best,  cheapest,  and 
most  rapid  methods  used.  The  tissues  should  remain  in  this 
solution  from  two  to  twenty-four  hours  according  to  the 
character  of  the  tissue. 

Muller’s  Fluid. — 


Potassium  dichromate 2.5  parts ; 

Sodium  sulphate 1.0  part; 

Water 100.0  parts. 


This  solution  is  one  of  tlie  oldest  and  best,  but  requires 
several  weeks  for  proper  fixation,  and  should  be  conducted  in 
the  dark,  often  changing  the  tissue  to  fresh  fluid.  Then  wash 
in  water  and  preserve  in  80  per  cent,  alcohol. 

Orth’s  Solution. — This  is  made  by  mixing  10  parts  of  com- 
mercial formalin  with  90  parts  of  Miiller’s  fluid.  It  has  all 
the  advantages  of  i)oth  the  formalin  and  dichromate  fixa- 
tives, and  requires  only  a short  time — from  twelve  to  twenty- 
four  hours.  The  tissues  should  afterward  be  washed  in  water 
and  placed  in  80  per  cent,  alcohol. 

Flemming’s  Solution. — This  is  principally  employed  to 
demonstrate  nuclear  structures  in  cell-division  : 

Glacial  acetic  acid  1 part ; 

Osmic  acid  (2  per  cent,  aqueous  solution)  . 4 parts; 

Chromic  acid  (1  per  cent,  aqueous  solution)  15 

Th  is  solution  does  not  keep  well,  and  should  be  mixed  only 
as  used  and  kept  in  a dark  place.  Small  pieces  of  tissue  are 
placed  in  this  solution  immediately  after  removal  from  living 
organs,  and  allowed  to  remain  for  from  twenty-four  hours  to 
several  weeks.  The  tissue  should  then  be  washed  and  placed 
in  alcohol. 
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Zenker’s  Fluid. — 


Potassium  bichromate 2.5  gms. ; 

Sodium  sulphate 1.0  gm. ; 

Corrosive  sublimate 5.0  gms.  ; 

Glacial  acetic  acid 5.0  c.c. ; 


Distilled  water 100.0  c.c. 

Add  the  acetic  acid  to  the  stock  solution  of  the  other  ingre- 
dients in  the  proportion  of  the  formnla,  as  the  complete  solu- 
tion does  not  keep  well.  Place  the  tissues  in  this  fluid  for 
from  six  to  twenty-fonr  hours,  then  in  water  for  several 
hours,  and  transfer  to  alcoholic  solutions  of  gradually  increas- 
iuPT  strengths  and  finally  in  absolute  alcohol.  The  crvstals 
of  the  sublimate  present  are  removed  with  iodized  alcohol. 
This  fixing  fluid  penetrates  easily  and  fixes  the  nuclear  and 
protoplasmic  structures  without  interfering  with  their  stain- 
ing qualities. 

Corrosive  Sublimate. — This  is  an  excellent  fluid,  and  is  made 
by  saturating  normal  salt  solution  with  corrosive  sublimate, 
heating  the  mixture  to  aid  solution.  From  three  to  twenty- 
four  hours  are  sufficient  time  for  proper  fixing  of  the  tissue. 
The  specimens  are  next  placed  in  70  per  cent,  alcoliol,  to 
which  has  been  added  tincture  of  iodine  until  colored  a dark 
brown.  This  removes  the  crystals  of  sublimate,  and  the 
tissue  is  then  preserved  in  70  per  cent,  alcohol. 

Decalcification. — Calcareous  tissues,  such  as  l)one,  etc.,  re- 
quire that  the  lime  salts  be  removed  before  sections  may  be 
made.  The  following  are  some  of  the  fluids  used  to  decalcify  : 

HydrochloriG  Acid.—X  per  cent,  aqneons  solution  in  the 
proportion  of  fifty  times  the  volume  of  the  specimen. 

Nitric  Acid. — A 3 per  cent,  to  10  per  cent,  solution  is  nsed 
as  the  hvdrochloric  acid. 

Picric  Acid. — A saturated  aqueous  solution  requires  weeks 
to  decalcify,  but  is  a very  satisfactory  method.  The  s])ecimens 
are  tested  to  determine  if  the  lime  salts  are  removed,  by 
sticking  the  tissue  with  a sharp  needle. 

Infiltration  and  Embedding. — The  tissues,  after  the  fixation 
and  hardening  in  alcohol,  are  placed  in  an  embedding  mass. 
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^vhi(:•ll  penetrates  the  tissues^  and  upon  cooling  or  on  evapora- 
tion of  the  solvent,  hardens  into  a solid  mass,  ready  to  cut. 
The  two  methods  most  used  are  the  followino:: 

Celloidin  Method. — Dissolve  snffieient  of  Schering’s  cel- 
loidin  in  ecpial  parts  of  absolute  alcohol  and  ether  to  make  a 
perfect  solution,  which  shonld  be  thin  enough  to  pour  readily. 
JNIake  the  second  solution  about  the  consistency  of  thick 
molasses.  The  tissue,  after  leaving  absolute  alcohol,  is  placed 
in  a mixture  of  absolute  alcohol  and  ether,  ecpial  parts,  for 
twentv-fonr  hours,  and  then  transferred  to  the  thin  celloidin 
solution  for  several  days,  from  this  to  the  thick  celloidin 


Fig.  113. 


Author’s  method  of  embedding  tissues  in  celloidin,  mounted  on  round  hard-rubber 

blocks,  surrounded  with  soft-rubber  tubing. 

solution  for  twentv-fonr  hours,  and  then  mounted  on  round 
gutta-percha  blocks,  with  grooves  cut  in  the  top  to  allow  the 
celloidin  to  stick,  and  having  a narrow  piece  of  rubber  tube 
or  ]>aper  around  the  block  to  hold  the  celloidin. 

If  many  tissues  are  embedded  at  the  same  time,  the  cel- 
loidin mav  be  ])onred  into  a small  flat  dish  and  allowed  to 
evaporate.  When  the  surface  becomes  hard  the  embedded 
mass  shonld  be  placed  in  80  jier  cent,  alcohol  for 
to  harden  before  being  cut  into  sections  on  the  microtome. 

Paraffin. — 3:'^rom  absolute  alcohol  the  tissues  are  placed  in 
a mixture  of  alcohol  and  xylol  and  then  in  xylol  from  two  to 
twelve  hours  until  cleared.  They  are  then  placed  in  melted 
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paraffin  (whose  melting-point  is  50°  C.)  at  52°  C.,  from  two 
to  ten  lionrs.  The  tissues  are  then  removed  by  pouring  the 
mixture  of  tissues  and  paraffin  into  a glass  box,  with  remov- 
able sides,  and  allowed  to  cool,  when  it  may  be  cut  into  blocks 
ready  to  make  the  sections. 

Tliis  method  is  probably  the  best  for  large  laboratories 
where  many  sections  are  needed  and  very  thin  sections  are 
desired,  but  for  individual  work  and  diagnosis  the  celloidin 
method  is  far  cpiicker  and  easier. 

Section- cutting. — This  is  accomplished  by  two  methods,  the 
free  cuttinp:  with  an  ordinary  razor  and  bv  the  microtome,  an 
instrument  which  raises  the  tissue  for  the  knife.  As  ffist  as 
one  section  is  cut,  it  allows  the  razor,  which  is  clamped  to 
the  frame,  to  make  another  section  of  the  same  thickness. 

There  are  many  different  types  of  these  machines,  and  they 
cut  either  the  paraffin,  celloidin,  or  frozen  blocks  of  tissues 
accordingly  as  they  have  been  constructed. 

Stains. — The  following  solutions  are  the  ones  most  in  use 
to  stain  the  tissues. 

Borax-carmin  Solution. — This  is  made  of  the  following : 

Car  min 2.5  parts  ; 

Borax 4.0  ; 

AVater 100.0  ; 

Alcohol  (70  per  cent.) 100.0 

The  carmin  and  borax  are  dissolved  in  the  water,  which  has 
been  heated,  and  the  alcohol  then  added.  The  solution  is  set 
aside  for  at  least  two  weeks  and  then  carefully  decanted. 

Delafield’s  Haematoxylin. — 


Haematoxylin  crystals 4 parts  ; 

Absolute  alcohol 25  ; 

Ammonia  alum  (saturated  acpieous  solu- 
tion)   400  ; 

Alcohol 100  ; 

Glycerin 100  . 


Dissolve  the  hjematoxylin  crystals  in  absolute  alcohol,  and 
add  the  alum  solution,  after  which  let  the  resulting  mixture 
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stand  in  an  open  vessel  for  one  week,  filter,  and  add  the 
alcohol  and  glycerin. 

Bohmer’s  Haematoxylin. — 

Plaeinatoxylin  crystals 1 part ; 

Absolute  alcohol • . . 10  parts  ; 

Potassium  alum 10  ; 

Distilled  water 200 

Dissolve  the  hsematoxylin  in  alcohol  and  the  alum  in  water. 
Add  the  first  solution  gradually  to  the  second,  let  stand  one 
week,  and  filter.  The  author  considers  this  solution  the  best 
for  routine  work,  as  it  is  the  easiest  to  prepare  and  keeps 
better  than  any  other. 

The  preceding  stains  are  nudear  stains,  and  but  faintly 
stain  the  j)rotoplasm.  Eosin  in  alcohol  is  often  used  as  a 
contrast-stain,  and  stains  the  protoplasm  and  muscle  a deep- 
red  color. 

One  of  the  best  double  or  contrast-stains  is  the  following  : 

Van  Gieson’s  Stain  : 

Picric  acid  (concentrated  aqueous  solu- 
tion) . . ; 100  parts ; 

Acid  fuchsin  (concentrated  aqueous  solu- 
tion)   2 . 

Tlie  sections  are  stained  in  haematoxylin,  washed  in  water, 
and  placed  in  this  stain  from  three  to  five  minutes,  then 
washed  in  water,  dehydrated  in  alcohol,  cleared  in  xylol,  and 
mounted  in  balsam. 

The  nuclei  should  stain  a reddish  brown  or  violet ; con- 
nective tissue  a brilliant  red  ; the  non-striated  muscle-fibres  a 
yellow;  hyaline  and  amyloid  a dark  red;  and  colloid  an 
orange  or  yellowish  red. 

Staining  of  Tissues. — There  are  two  methods,  the  staining 
in  hulk  and  the  staining  of  sections. 

T.  Staining  in  Bulk. — Each  method  has  somewhat  ditfer- 
ent  details,  but  the  borax-carmin  stain  will  illustrate  the 
process.  Tlie  tissue  is  placed  in  the  stain  for  twenty-four 
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hours,  decolorized  in  acid  alcohol  (1  per  cent,  hydrochloric 
acid  in  70  per  cent,  alcohol),  washed  in  70  per  cent,  alcohol, 
id  finally  placed  in  90  per  cent,  alcohol  ready  to  embed. 

II.  Staining  of  Sections. — 

A.  Celloidin  sections. 

a.  Stain  section  in  hseinatoxylin  from  three  to  ten  minutes. 
h.  Wash  in  water  ten  minutes. 

c.  Dehydrate  in  eosin-alcohol  five  minutes. 

d.  Place  on  slide  and  blot  off  alcohol. 

e.  Add  oil  of  cloves  to  clear  section. 

/.  Blot  off  the  oil  of  cloves. 
g.  Add  balsam  and  cover-slip. 

B.  Paraffin  sections. 

These  are  treated  the  same  as  the  celloidin,  except  that  we 
stick  the  sections  to  the  slide  with  gum-water  and  stain  on 
the  slide.  Also  dissolve  off  the  paraffin  with  xylol. 

Special  Stains. — 

Mallory^ s Iron  Hcematoxylin  for  Nuclear  Structuixs. — 

1.  Place  section  a few  minutes  in  the  mordanting  and  differ- 
entiating fluid  (ferric  ammonium  sulphate,  3 grams,  and  water, 
100  grams). 

2.  Wash  in  water. 

3.  Place  one  or  two  minutes  in  staining  solution  (1  per 
cent,  aqueous  hasmatoxylin). 

4.  Differentiate  in  a dilute  solution  of  ferric  ammonium 
sulphate. 

5.  Rinse  in  water,  alcohol,  and  xylol,  and  mount  in 
balsam. 

Altmamis  Granida  Stain  for  Protoplasmic  Structures. — 

1.  Harden  tissues  in  solution  (potassium  dichromate,  5 ]ier 
cent,  aqueous  solution;  osmic  acid,  2 per  cent,  aqueous  solu- 
tion, equal  parts)  for  twenty-four  hours. 

2.  Wash  in  water,  treat  with  increasing  alcoliols,  embed  in 
paraffin,  fasten  to  slide,  and  remove  paraffin. 

3.  Add  to  object  on  slide  a few  dro])s  of  solution  (anilin 
water,  100  c.c. ; acid  fuchsin,  20  grams)  and  heat  gently. 

4.  Cool  and  wash  in  solution  (concentrated  alcoholic  picric 
acid  solution,  50  c.c.  ; water,  100  c.c.). 
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5.  Heat  section  with  above  solution  on  slide  for  a few 
seconds. 

6.  Treat  with  absolute  alcohol,  xylol,  and  mount  in  balsam. 

The  granulae  of  the  proto[)lasm  are  stained  red,  the  nuclei 

are  colorless. 

Golgi’s  Stain  for  Ganglion-  and  Neuroglia-Cells. 

1.  Harden  in  10  per  cent,  formalin  or  Muller  formalin 
solution  for  twenty-four  liours. 

2.  Place  thin  sections  of  the  tissue  into  1 per  cent,  silver 
nitrate  solution  and  keep  them  in  a dark  place  for  twenty- 
four  hours. 

3.  Wash  in  water. 

4.  Place  in  10  j)er  cent,  formalin  solution  for  several  hours 
and  cut  with  freezing  microtome. 

5.  Dehydrate  in  absolute  alcohol. 

6.  Clear  with  xylol  and  mount  in  balsam. 

The  ganglion-cells  and  neuroglia-cells  are  stained  an 
intense  black.  These  sections  are  not  permanent, 

Pal-Weigert  Stain  for  Medullated  Fibres. — 

1.  Fix  tissue  in  MfillePs  fluid. 

2.  Transfer  direct  to  alcohol  and  harden  in  a dark  place. 

3.  Embed  in  celloidin  and  cut  sections. 

4.  Place  sections  for  twenty-four  hours  in  the  following  stain : 

Hematoxylin 1 part ; 

Absolute  alcohol 10  parts; 

Distilled  water 90  ; 

Lithium  carbonate  (saturated  aqueous 

solution) 1 part. 

5.  Transfer  sections  to  J of  1 per  cent,  solution  of  lithium 
carbonate. 

6.  AVhen  decolorized  (after  about  a half-hour),  place  for 
one  minute  in  a fresli  0.25  per  cent,  solution  of  potassium 
permanganate. 

7.  AVasli  with  water  and  place  for  one  hour  in  the  follow- 
ing diflPerentiating  solution  : 

Potassium  sulphate  equal  parts  of  a 1 per  cent. 

Oxalic  acid  j solution. 
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8.  Wash  in  water,  dehydrate  in  alcohol  and  mount  in 
balsam.  They  may  be  counterstained  in  eosin. 

This  method  stains  the  medullary  sheaths  a dark  blue, 
while  the  gray  substance  is  colorless. 

EXAMINATION  OF  THE  BLOOD. 

The  blood  is  best  obtained  by  pricking  the  end  of  the 
thumb,  after  having  placed  a constriction  around  the  part. 
This  drop  is  then  mixed  with  a few  drops  of  normal  salt 


Fig.  114. 


Method  of  making  blood  smears.  (Ewing.) 


solution  on  a clean  slide  and  a cover-glass  is  added.  Examine 
with  a or  y^2"Oil-immersion  objective  ; the  latter  if  greater 
magnification  is  wanted  to  bring  out  certain  details  in  the 
white  cells. 

A little  vaselin  around  the  edge  of  the  cover-glass  will  pre- 
vent evaporation  and  permit  a longer  inspection  of  specimen. 

Dried  and  Stained  Blood-Mounts. — Place  a small  (lro]i  upon 
a clean  cover-glass  and  cover  with  another  cover-glass,  allow- 
ing the  blood  to  sjiread  in  a thin,  even  film  between  the  two 
glasses,  and  before  drying  draw  apart  by  sliding  the  glasses 
over  each  other,  and  then  allow  them  to  dry  in  the  air. 
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Ewing’s  method,  easier  and  better,  is  to  place  the  drop  of 
blood  upon  a glass  slide  near  one  end  and  with  another  slide 
held  slanting,  spread  the  blood  evenly  over  about  two-thirds 
of  the  slide.  This  avoids  breaking  the  small  cover-glasses 
and  is  a raj)id  ]>rocess. 

Fixing. — The  blood  is  subjected  to  one  of  the  following 
methods  : 

Heat. — Place  the  film  in  a small  oven  heated  to  125°  C. 
for  about  twenty  minutes  and  then  allow  to  cool  gradually  ; 
or  a simpler  method  is  to  pass  the  cover-glass  preparation 
through  a Bunsen  fiame  about  twenty  times  in  rapid  succes- 
sion. 

Absolute  Alcohol  and  Ether. — The  specimen  is  placed  in 
equal  ]>arts  of  the  above  mixture  and  allowed  to  remain  for 
two  hours  and  then  dried  in  air. 

Formalin. — Immerse  the  cover-glass  in  a 0.25  per  cent, 
solution  of  commercial  formalin  (formalin  is  an  aqueous  solu- 
tion of  40  per  cent,  formaldehyde)  in  95  per  cent,  alcohol  for 
a few  minutes. 

Chromic  Acid. — Place  the  specimen  in  a 2 per  cent,  aqueous 
solution  of  chromic  acid  for  about  thirty  seconds  and  then 
wash  in  water  and  dry  in  air. 

Staining. — There  are  many  stains  for  the  blood,  each  adapted 
to  demonstrate  some  ])articnlar  structure  or  condition  ; but 
for  general  purposes  Ehrliclfs  will  be  found  the  most  satis- 
factory. 

Ehrlich’s  Triple  Stain. — 

Orange-G  (saturated  aqueous  solution),  6.0  parts  ; 

Acid  fuchsin  (saturated  aqueous  solution),  4.0  . 

Add  to  these,  stirring,  drop  by  drop  : 

Methyl-green  (saturated  aqueous  solution),  6.6  parts. 

To  this  mixture  add  : 


Glycerin  (neutral)  . 5.0  parts ; 

Absolute  alcohol 10.0  ; 

Distilled  water lfi-0  • 
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Shake  the  mixture  well  aiul  let  stand  for  several  days  before 
using:  Stain  in  this  solution  for  two  to  three  minutes,  with- 

out heating,  and  then  wash  in  water,  dry,  and  examine. 

The  red  corpuscles  are  colored  orange,  the  nuclei  of  the 
leucocytes  greenish  blue,  the  nuclei  of  erythroblasts  almost 
black,  the  acidophilic  granulations  of  the  polymorphonuclear 
eosinophiles  and  eosinophilic  myelocytes  bright  red,  the  neu- 
trophilic granulation  of  the  polymorphonuclear  neutrophiles 
ami  neutrophilic  myelocytes  violet,  while  the  basophilic 
granulation  of  the  mast-cells  remains  unchanged  and  stands 
out  clearly  as  characteristic,  small,  empty  spots  surrounding 
the  pale-green  nucleus. 

The  stained  cover-glass  preparation  when  properly  stained 
should  appear  to  the  naked  eye  an  orange  or  orange  red. 

The  objections  to  this  stain  are  that  it  is  a poor  nuclear 
stain,  fails  to  demonstrate  the  structure  of  normal  mononu- 
clear leucocytes,  and  does  not  stain  the  malarial  parasite. 
The  methyl-blue  stain  is  preferred  by  many  as  a routine 
method  on  account  of  the  uniformity  of  results  obtained. 

Goldhorn’s  one  solution  blood-stain  is  a new  method,  and  is 
now  on  the  market  and  has  the  advantage  of  fixing  the  blood- 
smear  as  well  as  staining.  The  results  are  similar  to  Ehr- 
lich’s stain,  except  that  it  also  stains  the  parasite  of  malaria. 
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4 BSOLUTE  alcohol,  206 

Absorption  in  intestine,  81 
Achromatin  fibres,  117 
Acid-cells,  77 
Acini,  glandular,  90 
Adenoid  tissue,  31,  58 
Adipose  tissue,  31 
Adrenal  gland,  169 
Adventitia  of  arteries,  55 
Afferent  arteries,  101 
Agminated  glands,  83 
Air  passages,  135 
Air  sacs,’ 138 
Alcohol,  205 
Alimentary  tract,  61 
Allantois,  106 
Alum  btematoxylin,  209 
x-Vlveolar  glands,  62 
Amoeba,  51 

Ampullae  of  breast,  119 
Anterior  horns,  156 
median  fissure,  155 
Anterolateral  columns,  160 
Anus,  84 

Appendix  vermiformis,  84 
Aqueous  humor,  173 
Arachnoid,  154 
Arbor  vitse,  166 
Arched  collecting  tubules,  100 
Area,  embryonal,  202 
Areolar  tissue,  29 
Arterise  rectje,  101 
Arteries,  55 
adventitia  of,  55 
interlobular,  101 
intima  of,  55 
media  of,  55 
precapillary,  55 
structure  of,  55 
Articular  ends  of  bones,  32,  38 
Ascending  arm  of  Henle’s  loop,  96,  100 
Astrocytes,  159 
Attraction  spheres,  20 


Auditory  canal,  189 
cells  of  Claudius,  194 
of  Hensen,  194 
hair-cells,  193 
nerve,  195 
organ,  188 
ossicles,  190 

Auerbach,  plexus  of,  79,  83,  85 
Auricle,  189 

Axis-cylinder  of  nerve-fibre,  43 
process,  42 

BAETHOLIN’S  ducts,  91 
glands,  118 
Basal  granules,  25 
Basement  membrane,  24 
Basket- cel  Is,  168 
Basophiles,  53 
Bellini,  large  tubes  of,  100 
Berlinean  columns,  95 
Bile,  capillary,  87 
ducts,  87 

Bladder,  epithelium  of,  24 
gall-,  89 
urinary,  103 
Blastoderm,  21 
Blood  cells,  50 
colored,  51 
colorless,  51 

effect  of  reagents  upon,  51 

origin  of,  54 

red,  51 

size  of,  54 

white,  51 

coloring  matter  of,  51 
corpuscles,  50 
examination  of,  213 
-placpies,  50,  53 
-shadows,  51 
staining  of,  214 
-vessels,  55 
of  bone,  35 

of  central  nervous  system,  161, 168 
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Blood-vessels  of  cochlea,  194 
of  eyeball,  175,  178,  183 
of  intestine,  8^  84 
of  kidney,  100 
of  liver,  87 
of  lung,  139 
of  ovary,  111 
of  penis,  129 
of  prostate,  131 
of  skin,  151 
of  spleen,  58 
of  stomach,  79 
of  testis,  126 
of  uterus,  116 
Bone,  34 

blood-vessels  of,  35 
calcination  of,  34 
canaliculi  of,  35 
cancellated,  35 
compact,  35 
corpuscles  of,  35 
decalcification  of,  34,  207 
development  of,  37 
cartilaginous,  37 
membranous,  38 
embryonic,  38 
growth  of,  38 
Haversian  system  of,  35 
lacunai  of,  35 
lamelhe  of,  35 
marrow  of,  35 
red,  35 
yellow,  36 
osteoblasts  of,  38 
perichondral  formation  of,  37 
periosteal,  38 
periosteum  of,  34 
Sharpey’s  fibres  of,  35 
spongy,  35 
Bony  labyrinth,  190- 
Borax  carrnin,  209 
Bowman’s  capsule,  98 
Brain,  161 

blood-vessels  of,  168 
cerebellar  cortex  of,  168 
cerebral  cortex  of,  164 
Brodel’s  zone  of  kidney,  101 
Bronchial  tubes,  137 
Briicke’s  line,  42 
Brunner’s  glands,  83 
Burdach’s  column,  160 

pALCIFICATION,  37 
\J  Calyces  of  kidney,  102 
Canada  balsam,  211 


Canal,  central,  157 
Haversian,  35 
of  Petit,  185 
Canaliculi  of  bone,  35 
Cancellated  bone,  35 
Capillaries,  54 
bile,  87 

Capsule  of  Bow'man,  98 
of  Glisson,  86 
Cardiac  glands,  77 
muscle,  41 
Carrnin  as  stain,  209 
Cartilage,  31 
of  bronchial  tubes,  137 
calcification  of,  37 
cells,  32 
elastic,  33 
fibrinous,  32 
hyaline,  32 
lacume  of,  32 
perichondrium  of,  32 
of  Santorini,  135 
of  trachea,  137 
varieties  of,  31 
white  fibrous,  32 
of  Wrisberg,  135 
Cecum,  84 
Cell,  17 
Cell-body,  17 
Cell-division,  18 
direct,  20 
indirect,  20 
stages  of,  20 
Cells,  acid,  77 
basket,  168 
blood,  50 
bone,  35 
cartilage,  32 
chief,  78 
of  Claudius,  194 
columnar,  24 
definition  of,  17 
Deiters’,  194 
enamel,  72 
endothelial,  27 
epithelial,  23 
fat,  31 

of  fibrous  tissue,  29 
ganglion,  45 
gland,  25 
glia,  45 
goblet,  25 
gustatory,  67 
hair,  of  ear,  193 
Hensen’s,  194 
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Cells,  hepatic,  86 
liver,  86 
lymphoid,  57 
marrow,  36 
mucous,  25 
muscle,  39 
nerve,  42 
neuroglia,  45 
olfactory,  198 
origin  of,  20 
parietal,  77 
peptic,  78 
pigment,  144,  178 
of  Purkinje,  168 
reproduction  of,  18 
rod-visual,  178 
Sertoli’s,  126 
squamous,  24 
structure  of,  17 
sustentacular,  126 
tactile,  48 
wandering,  52 
Celloidin,  208 
Cell-wall,  17 
Cementum,  72 
Centrosome,  18 
Cerebellar  tract,  direct,  160 
Cerebellum,  166 

cells  of  Purkinje  of,  168 
granule  layer  of,  168 
gray  matter  of,  168 
molecular  layer  of,  168 
white  matter  of,  166 
Cerebrum,  163 
cortex  of,  164 
gray  matter  of,  164 
molecular  layer  of.  164 
tangential  fibres  of,  164 
white  matter  of,  163 
zone  of  large  pyramidal  cells  of,  165 
of  small  pyramidal  cells  of,  164 
Cervix  uteri,  114 
Checker-board  nucleus,  53 
Choroid,  arteries  of,  175 
layers  of,  175 
Chromatin  fibrils,  17 
Chromic  acid,  206 
Chyle,  57 
Chyle- vessel,  80 
Cilia,  25 

Ciliary  body,  181 
muscle,  181 
ring,  181 

Ciliated  epithelium,  25 
Circulatory  system,  50 


Circumvallate  papillse,  60 
Clarke’s  column,  160 
Claudius,  cells  of,  194 
Clearing  agents,  211 
Clitoris,  118 
Cochlea,  193 
Coil  glands  of  skin,  62 
Collecting  tubules,  arched,  100 
straight,  100 

Colloid  substance  of  thyroid,  141 
Colostrum  corpuscles,  120 
Columns  of  Bertini,  95 
of  Burdach,  160 
of  Goll,  160 
of  Gowers,  160 
Commissures,  158 
Common  bile  duct,  94 
Compact  bone,  35 
Conjunctiva,  186 
Connective  tissue,  27 

arrangement  of  cells  of,  27 
of  bones,  development  of,  38 
cells,  27 

classification  of,  27 
histogenesis  of,  27 
varieties  of,  27 
white  fibrous,  29 
yellow  elastic,  29 
Construction  of  tissues,  17 
Convoluted  lobules  of  kidney,  98,  100 
Cord,  spinal,  155 
umbilical,  30 
vocal,  135 
Corium,  145 
Cornea,  180 

Corpora  cavernosa,  128 
spongiosum,  128 
Corpus  Highmori,  123 
luteuin.  111 
Corpuscles,  blood,  50 
bone,  35 
genital,  49 
of  Krause,  49 
of  Meissner,  49 
Pacinian,  48 
tactile,  48 
third,  48 
of  Vater,  48 
of  Wagner,  49 
Corrosive  sublimate,  207 
Cortex  of  cerebellum,  168 
of  cerebrum,  164 
of  kidney,  95 
Corti,  organ  of,  193 
Cowper’s  glands,  131 
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Crossed  iiyraraidal  columns,  161 
Crosses  of  Ranvier,  44 
(-rusta  petrosa,  72 
Crypts  of  Lieberkiilm,  82 
of  tonsils,  68 
Crystalline  lens,  184 
Cutis  plates,  151 
Cystic  duct,  89 
Cytoplasm,  17 

Daughter  stars,  20 

Decalcification,  34,  207 
Decalcifying  fiuids,  207 
Deciduae  of  uterus,  114 
Dehydration,  205,  211 
Deitei-s’  cells,  194 
Delafield’s  hajmatoxylin,  209 
Demilunes  of  Heidenhain,  90 
Dental  bulbs,  74 
sheath,  70 
tul)ules,  69 
Dentinal  lacunae,  71 
Dentine,  69 

Derivatives  of  blastodermic  layers,  21 
Descending  arm  of  Henle’s  loop,  99 
Development  of  bone,  37 
of  central  nervous  system,  170 
of  connective  tissue,  27 
of  dentine,  74 
of  digestive  organs,  93 
of  ear,  195 
of  enamel,  74 
of  endotliclium,  27 
of  epithelium,  23 
of  eye,  187 
of  liver,  94 
of  muscular  tissue,  39 
of  nervous  tissue,  42 
of  ovum,  132 

of  reproductive  organs,  female,  132 
male,  133 

of  respiratory  organs,  142 
of  skin,  151 
of  teeth,  72 
of  urinary  organs,  105 
Diameter  of  red  corpuscles,  51,  54 
Diapedesis,  51 
Di aster,  20 

Diaster-phase  of  mitosis,  20 
Difiuse  adenoid  tissue,  58 
Digestion  of  fat,  81 
Digestive  organs,  61 
Discus  proligerus,  109 
Ductless  glands,  141,  169 
Ducts,  biie,  87 


Ducts,  ejaculatory,  125 
galactopliorous,  119 
Gardner’s,  112,  132 
Muller’s,  132 
pancreatic,  92 
Steuson’s,  90 
Wharton’s,  91 
Wirsung’s,  92 
Wolftian,  132 

Ductus  communis  choledochus,  94 
Duodenal  glands,  83 
Duodenum,  80 
Dura  mater,  153 

Ear,  auditory  hairs  of,  193 
bony  labyrinth  of,  190 
cells  of  Claudius  of,  194 
of  Deiters  of,  194 
of  Hensen  of,  194 
ceruminous  glands  of,  189 
cochlea  of,  193 
(’orti’s  organ  of,  193 
development  of,  195 
ductus  cochlearis  of,  193 
Eustachian  tube  of,  190 
external,  189 
hair  cells  of,  193 
internal,  190 

membranous  labyrinth  of,  121 
middle,  189 
nerves  of,  195 
otic  vesicle  of,  196 
pillars  of  Corti  of,  193 
semicircular  canals  of,  190 
tympanum  of,  189 
vestibule  of,  190 
Ectoderm,  22,  202 
Etterent  vessels,  101 
Ehrlich’s  stain,  214 
Ejaculatory  ducts,  125 
Elastic  cartilage,  33 
Embedding  collodion,  208 
paraffin,  208 
Embryonal  area,  202 
Enamel  organ,  74 
of  teeth,  72 

End  bulbs  of  Krause  49 
Endocardium,  56 
Endomysium,  41 
Eudoueurium,  44 
Endothelium,  27 
Entoderm,  22 
Eosin,  210 
Eosinophiles,  53 
Ependyma  of  cord,  157 
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Epiblast,  22 
Epidermis,  143 
Epididymis,  124,  133 
Epidural  space,  154 
Epimysium,  41 
Epineurium,  45 
Epiphysis,  38 
Epithelium,  23 
blood-vessels  of,  23 
cells  of,  23 
ciliated,  25 
classification  of,  23 
columnar,  24 
cylindrical,  24 
development  of,  23 
distribution  of,  23 
division  of,  23 
germinal,  of  ovary,  107 
glandular,  26 
goblet  cells  of,  25 
of  mucous  membrane,  61 
nerve  supply  of,  2o 
neuro-,  26 
occurrence  of,  23 
pavement,  23 
pigmented,  25 
prickle-cells  of,  143 
secretory,  26 
simple,  24 
squamous,  24 
stratified,  24 
transitional,  25 
types  of  cells  of,  23 
varieties  of,  23 
Epitrichium,  151 
Epoophoron,  111 
Erectile  tissue  of  penis,  128 
Erectores  pilorum,  147 
Erythroblasts,  54 
Erythrocytes,  51 
Esophagus,  75 
Eustachian  tube,  190 
External  auditory  canal,  189 
female  genitals,  117 
Extrusion  of  polar  bodies,  200 
Eye,  anterior  chamber  of,  173 
aqueous  humor  of,  173 
blood-vessels  of,  175,  179,  183 
canal  of  Petit  of,  185 
of  Schlemm  ol^,  184 
choroid  of,  175 
ciliary  body  of,  181 
cornea  of,  181 
develo])inent  of,  187 
iris  of,  183 


Eye,  lachrymal  glands  of,  187 
lens  of,  184 
lids  of,  186 
muscles  of,  174 
nerves  of,  179 
optic,  179 

pigment  layer  of,  178 
posterior  chamber  of,  173 
retina  of,  175 
sclera  of,  173 

suspensory  ligament  of,  184 
vitreous  humor  of,  173 
Eyeball,  173 
Eyelashes,  186 
Eyelids,  186 
glands  of,  186 
muscles  of,  186 
palpebral  conjunctiva,  186 

|?ALLOPIAN  tubes,  113 
Jl  Fangs  of  teeth,  69 
Fat  cells,  31 
Fats,  absorption  of,  81 
Female  generative  organs,  107 
genitals,  external,  117 
pronucleus,  201 
urethra,  104 

Fenestrated  membrane  of  Henle,  55 
Ferrein’s  pyramids,  95 
Fertilization  of  ovum,  200 
Fibres,  dentinal,  69 
nerve-,  43 

])erforating,  of  Sharpey,  35 
Fibro-cartilage,  32 
Fibrous  tissues,  vrhite,  29 
yellow  elastic,  29 
Filiform  papillte,  65 
Fissures,  anterior  median,  155 
posterior  median,  155 
Fixation  of  tissues,  205 
Fixatives,  alcohol,  205 
Flemming’s  solution,  206 
formaldehyde,  206 
mercuric  bichloride,  207 
Muller’s  fluid,  206 
Orth’s  solution,  206 
Zenker’s  fluid,  207 
Follicles,  Graafian,  107 
hair,  147 

of  Lieberkiihn,  82 
lymph,  58 
Nabothian,  114 
Fore-brain,  172 
Formalin,  206 
Fossa  navicu laris,  104 
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Fovea  centralis,  179 
Frozen  tissues,  209 
Fungiform  papillae,  66 

nALACTOPHOROUS  glands,  119 
vJ  Gall-bladder,  89 
Ganglia,  45 
Ganglion  cells,  45 
Gardner’s  duct,  112,  132 
Gastric  glands,  77 
Gelatinous  tissue,  30 
Generative  organs,  development  of, 
132 

female,  107 
male,  121 

Genital  corpuscles,  49 
ridges,  132 
tubercle,  132 

Genito-urinary  organs,  95,  107,  121 
Germinal  epithelium,  107 
spot,  110 
vesicle,  110 
Giant  cells,  20 
Gland  cells,  25 
Glands,  Bartholin’s,  118 
Brunner’s,  83 
buccal,  62 
cardiac,  77 
classification  of,  61 
coiled,  62 
duodenal,  83 
pistric,  77 
intestinal,  81 
of  Lieberkiihn,  82 
lingual,  64 
of  Littre,  104 
mammary,  118 
Meibomian,  186 
of  Montgomery,  120 
mucous,  61 
olfactory,  198 
oral,  62 
parotid,  90 
pyloric,  78 
racemose,  62 
saccular,  62 
salivary,  90 
sebaceous,  147 
serous,  90 
structure  of,  61 
sublingual,  90 
submaxillary,  91 
sudoriparous,  148 
suprarenal,  169 
sweat,  148 


Glands,  thyroid,  140 
types  of,  61 
of  Tyson,  129 
Gians  penis,  129 
Glia-cells,  45 
Glisson’s  capsule,  86 
Globus  major,  124 
minor,  124 

Glomerulus  of  kidney,  96 
Goblet-cells,  25 
Goll’s  column,  160 
Gower’s  tract,  160 
Graafian  follicles,  109 
Granules,  basal,  25 
zymogen,  92 
Gray  commissure,  158 
matter  of  cerebellum,  168 
of  cerebrum,  164 
of  cord,  158 
nerve-fibres,  44 
Groove,  medullary,  202 
Gustatory  cells,  67 

HiEMATOXYLIN,  Bohmer’s,  210 
Delafield’s,  209 
Mallory’s,  211 
Hair  cells  of  ear,  193 
color  of,  146 
development  of,  151 
distribution  of,  145 
elements  of,  145 
follicle  of,  147 
layers  of  shaft  of,  146 
root  of,  147 

root-sheath  of,  inner,  148 
outer,  148 
shaft  of,  145 

Hardening  of  tissues,  205 
Haversian  canals,  35 
Head  of  spermatozoon,  127 
Hearing,  organ  of,  188 
Heart,  56 

blood-vessels  of,  56 
endocardium  of,  56 
myocardium  of,  56 
pericardium  of,  56 
valves  of,  56 

Heidenhain,  demilunes  of,  90 
Henle’s  loop,  100 

ascending  limb  of,  100 
descending  limb  of,  99 
Hensen,  cells  of,  194 
median  line  of,  40 
Hepatic  cells,  86 
duct,  87 
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Hind-brain,  172 
Histogenesis  of  blood,  54 
of  connective  tissue,  27 
of  epithelium,  23 
of  muscular  tissue,  39 
of  nervous  tissue,  42 
Histology,  definition  of,  17 
Horny  layer  of  epidermis,  144 
Humor,  aqueous,  173 
vitreous,  173 
Hyaline  cartilage,  32 
Hyaloid  membrane,  173 
Hyaloplasm,  17 
Hydatid  of  Morgagni,  111 
Hymen,  118 

1 MBEDDING  collodion,  208 
1 paraflin,  208 
Indifierent  sexual  gland,  132 
Indirect  cell  division,  20 
Infundibula  of  lungs,  137 
Inner  ear,  190 
Intercellular  substance,  17 
Interepithelial  arborizations,  47 
Interglobular  spaces,  71 
Intestine,  agminated  glands  of,  83 
blood-vessels  of,  83,  84 
Brunner’s  glands  of,  83 
goblet  cells  of,  80 
large,  84 

Lieberkiihn’s  glands  of,  82 
mucous  membrane  of,  80,  84 
muscular  coat  of,  83,  84 
nerves  of,  83,  85 
Beyer’s  patches  of,  83 
small,  80 

solitary  glands  of,  83 
valvulge  conniventes,  80 
villi  of  small,  80 
Intima  of  arteries,  55 
Intralobular  vein,  89 
Iris,  pigment  layer  of,  183 
Iron-lisematoxylin,  211 
Islands  of  Langerhans,  93 
Ivory  of  teeth,  69 

TE,TUNUM,  82 
fj  Jelly  of  Wharton,  30 

KARYOKINESIS,  20 
Kidney,  95 

blood-vessels  of,  100 
capsule  of,  95 
columns  of  Bertini,  95 
cortex  of,  95 


Kidney,  development  of,  105 
glomeruli  of,  96 
Henle’s  loop  of,  100 
labyrinth  of,  96 
Malpighian  ])yramids  of,  95 
medulla  of,  95 
medullary  rays  of,  95 
papillse  of,  95 
uriniferous  tubules  of,  96 
Krause’s  end-bulbs,  49 
transverse  membrane,  40 

Labia  majora,  118 
minora,  118 
Labyrinth,  bony,  190 
of  kidney,  96 
Lachrymal  glands,  186 
Lacteals,  80 
Lacunae,  35 
Lamellae,  35 

general  fundamental,  35 
Haversian,  35 
interstitial,  35 
Langerhans,  bodies  of,  93 
Large  intestine,  84 
blood-vessels  of,  84 
glands  of,  84 

Lieberkiibn’s,  84 
mucous  membrane  of,  84 
muscle  of,  84 
nerves  of,  85 
tubes  of  Bellini,  100 
Larynx,  135 
cartilages  of,  135 
nerves  of,  135 
vocal  cords  of,  135 
Lateral  column,  160 
mixed,  160 
Lens,  184 
capsule  of,  184 
development  of,  188 
epithelium  of,  184 
fibres  of,  184 
Leucocytes,  51 
Lieberkiibn’s  glands,  82 
Ligament,  suspensory,  184 
Lines  of  Salter,  71 
of  Shreger,  71 
Li(iuor  folliculi,  109 
Littre’s  glands,  104 
Liver,  85 

bile  capillaries  of,  87 
blood-vessels  of,  87 
cells  of,  86 
development  of,  94 
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Liver,  fibrous  tissue  of,  86,  94 
Glissoii’s  capsule  of,  86 
hepatic  duct  of,  87 
lobules  of,  86 
Loop  of  Heiile,  100 
Loose  skein,  20 
Lungs,  137 
air-sacs  of,  139 
alveoli  of,  137 
blood-vessels  of,  139 
bronchioles  of,  137 
development  of,  142 
elastic  fibres  of,  138 
epithelium  of,  139 
infundibula  of,  137 
pleura  of,  140 
terminal  bronchi  of,  137 
Lymph,  57 

Lymph-capillaries,  58 
Lymph-vessels,  57 
Jjymphatic  follicles,  58 
system,  57 
]jymphoid  tissue,  58 

Macula  lutea,  179 

Male  generative  organs,  121 
])ronucleus,  201 
urethra,  104 
Mall’s  lobule,  58 
Malpigbiau  bodies,  98 
cor])uscles,  58 
layer  of  skin,  143 
pyramids,  95 
Mammary  glands,  118 
blood-vessels  of,  120 
secretion  of,  120 
Marrow  of  bone,  35 
red,  35 
yellow,  36 
^fast-cells,  53 
Matrix  of  cartilage,  31 
^[aturation  of  ovum,  200 
Afauther’s  sheath,  43 
Media  of  arteries,  55 
Median  fissures,  155 
line  of  Hensen,  40 
Mcidiastinum  testis,  123 
Medullary  plates,  202 
rays,  95 
sheath,  43 

substance  of  cerebellum,  166 
of  cerebrum,  163 
of  hair,  147 
of  kidney,  95 
of  ovary.  111 


Medullated  nerve-fibres,  43 
Meibomian  glands,  186 
Meissner’s  corpuscles,  49 
plexus,  79,  83,  85 
Membrane  of  Krause,  40 
mucous,  61 
of  Nasmyth,  72 
serous,  27 

Membranes  of  central  nervous  system 
153 

Membranous  labyrinth,  190 
urethra,  104 
Menstruation,  116 
Mercuric  bichloride,  207 
Mesoderm,  tissues  from,  22 
Mesothelium,  94 
Metaplasm,  17 
Microtome,  209 
Mid-brain,  172 
Middle  ear,  189 
Milk,  120 
Mitosis,  20 
Mother-star,  20 
Motor  end-plate,  48 
Mounting  sections,  211 
Mouth,  62 

mucous  membrane  of,  62 
nerves  of,  64 
Mucous  membranes,  61 
tissue,  30 

Mullerian  ducts,  132 
iVfuller’s  fluid,  206 
Muscle  of  heart,  41 
histogenesis  of,  39 
involuntary,  39 
nerve-endings  in,  48 
non-striated,  39 
nuclei  of,  39,  40,  42 
plates,  203 
sarcolemma  of,  40 
striated,  39 
voluntary,  39 
Myelocytes,  36,  54 
Myotomes,  203 

Nabothian  follicles,  114 
Nail,  149 
bed  of,  150 
development  of,  151 
groove  of,  149 
matrix  of,  150 
root  of,  149 

Nasal  mucous  membrane,  197 
blood-vessels  of,  199 
development  of,  200 
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Nasal  raucous  raerabraue,  glands  of, 
198 

uerves  of,  199 

olfactory  epitheliura  of,  197 
respiratory  division  of,  198 
pits,  200 

Nasmyth,  membrane  of,  72 
Nerve-cells,  42 
Nerve-endings,  46 
Nerve-fibres,  43 
Nerve,  optic,  179 
Nerves,  endoueurium  of,  44 
epineurium  of,  45 
perineurium  of,  45 
sheath  of,  43 

Nervous  system,  development  of,  170 
membranes  of,  153 
Neural  tube,  primary,  170 
Neuroblasts,  171 
Neuro-epithelium,  26 
Neuroglia,  45 
Neurolemma,  43 
Neurone,  42 

Nipple  of  mammary  glands,  120 
Nitric  acid,  207 
Nodes  of  Eanvier,  44 
Non-medullated  fibres,  44 
Non -striated  muscle  cells,  39 
Normal  salt  solution,  205 
Nuclei,  17 
Nucleoli,  17 

Odontoblasts,  74 

Oesophagus,  75 
Oil  of  cloves,  211 
Olfactory  cells,  198 
mucous  membrane,  197 
nerves,  199 
Optic  nerve,  179 
Ora  serrata,  179 
Oral  cavity,  62 
mucous  membrane,  62 
Organ  of  Corti,  193 
of  Giralde,  127 
Orth’s  solution,  206 
Osseous  labyrinth,  190 
Ossicles  of  ear,  190 
Ossification,  centres  of,  37 
Osteoblasts,  38 
Osteoclasts,  38 
Ovarian  stroma,  107 
Ovary,  107 
antrum  of,  109 
blood-vessels  of.  111 
corpus  luteum  of  pregnancy,  111 

1 5 — Hist. 


Ovary,  cortex  of,  107 
development  of,  132 
germinal  e])ithelium  of,  107 
vesicle  of,  110 
stroma  of,  107 
theca  folliculi  of,  109 
tunica  albuginea  of,  109 
fibrosa  of,  109 
propria  of,  109 
vitelline  membrane  of,  109 
zona  pellucida  of,  109 
Oviducts,  113 
Ovulation,  116 
Ovum,  20,  109 

fertilization  of,  200 
germinal  S])ot  of,  110 
vesicle  of,  110 
maturation  of,  200 
segmentation  of,  201 

PACCHIONIAN  bodies,  154 
Pacinian  corpuscles,  48 
Pal-Weigert  method,  212 
Pancreas,  92 

bodies  of  Langerhans  of,  93 
development  of,  94 
duct  of,  93 

internal  secretion  of,  93 
lobules  of,  92 
Opie’s  theory  of,  93 
zymogen  granules  of,  92 
Papillae,  65 
circumvallate,  66 
filiform,  66 
fungiform,  66 
Paradidymis,  127,  133 
Paraffin  imbedding,  208 
Parietal  cells,  78 
Paroophoron,  111,  132 
Parotid  gland,  90 
Parovarium,  111 
Pavement  epithelium,  23 
Pelvis  of  kidney,  102 
Penis,  128 

blood-supply  of,  129 
corpora  cavernosa  of,  128 
spongiosum  of,  128 
erectile  tissue  of,  128 
nerve  supply  of,  129 
veins  of,  129 
Peptic  glands,  78 
Pericardium,  56 
Perichondrium,  32 
Perimysium,  41 
Perineurium,  45 
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Periosteum,  34 
fibrous  layer  of,  34 
osteogenetic  layer  of,  34 
Permanent  tooth,  dental  ridge  of,  74 
Petit,  canal  of,  185 
Peyer’s  patches,  83 
Pharyngeal  plate,  93 
tonsils,  69 
Pharynx,  75 
Pia  mater,  154 
Picric  acid,  207,  211 
Pigment  cells,  179 
in  the  skin,  144 
layer  of  eye,  178 
Pillars  of  organ  of  Corti,  193 
Pineal  body,  169 
Pinna,  188 
Pits,  nasal,  200 
Pituitary  body,  169 
Phupies,  blood,  50 
Plasma  of  blood,  50 
Plasma-cells,  53 
Plates,  medullary,  202 
muscle,  48 
olfactory,  200 
{)haryngcal,  93 
Pleune,  140 

Pleiiro-peritoneal  cavity,  204 
Plexus  of  Auerbach,  79,  83,  85 
of  Meissner,  79,  83,  85 
Polar  bodies,  200 
Portal  canals,  87 
vein,  87 

Precapillary  arteries,  55 
Prickle-cel  is,  143 
Primary  blastodermic  layers,  21 
neural  tube,  170 
Primetric  body-wall,  204 
intestinal  tract,  93 
kidney  tube,  106 
streaks,  202 

Pronucleus,  female,  201 
male,  201 

Prostate  gland,  129 
alveoli  of,  130 
amyloid  concretions  of,  131 
blood-vessels  of,  131 
involuntary  muscle  of,  130 
secretion  of,  131 
Protoplasm,  17 
Pulmonary  groove,  142 
Pulp-cavity,  69 
of  spleen,  58 
Pulp  of  the  teeth,  72 
Purkinje’s  cells,  168 


Pyloric  glands,  78 
Pyramidal  cells,  164 
Pyramids  of  Ferrein,  95 
of  Malpighi,  95 

Racemose  glands,  62 

Kadiating  fibres  of  Muller,  1 
Eanvier’s  nodes,  44 
Pays,  medullary,  95 
Pectum,  84 
Ped  bone-marrow,  35 
corpuscles,  51 
Penal  artery,  100 
tubules,  96 
Pennet,  78 

Peproductive  organs,  female,  107 
male,  121 

Pespiratory  organs,  135 
Posting  nucleus,  20 
Peta  testis,  125 
Petiform  tissue,  31 
Petina,  blood-vessels  of,  179 
layers  of,  175 
ora  serrata  of,  179 
rod-fibres  of,  178 
Poot  of  hair,  145 
Posenrnuller,  organ  of,  111 
Pouleaux  of  blood,  51 

Q ACCULAP  glands,  62 
U Sacculus,  191 
Salivary  glands,  90 
acini  of,  90 
blood-vessels  of,  91 
demilunes  of,  90 
ducts  of,  90,  91 
mixed,  91 
mucous,  90 
nerves  of,  91 
parotid,  90 
seromucous,  91 
serous,  90 
sublingual,  90 
submaxillary,  91 
Sarcolemma,  40 
Sarcostyles,  41 
Sartoli’s  columns,  126 
Scala  media,  193 
tympani,  193 
vestibuli,  193 

Schwann,  white  substance  of,  43 
Sclera,  173 

Sebaceous  glands,  148 
Secretion,  internal,  141 
Sections,  cutting  of,  209 
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Sections,  staining  of,  211 
Segmentation  nucleus,  201 
of  ovum,  201 
Semen,  127 

Semicircular  canals,  190 
Seminal  vesicles,  125 
Seminiferous  tubules,  125 
Sensory  nerve-endings,  48 
Septum  transversum,  94 
Serous  cavities,  27 
glands,  90 
membranes,  60 
Sertoli’s  cells,  126 
Sexual  gland,  indifferent,  132 
organs,  female,  107 
male,  121 

Sliarpey’s  perforating  fibres,  35 
Sheath  of  hair-root,  148 
medullary,  43 
of  Schwann,  43 
Simple  epithelium,  23,  24 
Skein,  close,  20 
loose,  20 

Skeletal  muscles,  39 
Skin,  blood-vessels  of,  151 
corium  of,  145 
development  of,  151 
epidermis  of,  143 
glands  of,  148 
hair-follicles  of,  147 
muscles  of,  147 
nails  of,  149 
nerve-endings  of,  151 
papillae  of,  145 
pigment  of,  144 
sebaceous  glands  of,  148 
stratum  corneum  of,  144 
granulosnm  of,  143 
lucidum  of,  144 
Malpighii  of,  143 
striated  muscle-fibres  of,  147 
sweat-glands  of,  148 
true,  145 

Small  intestine,  80 

agminated  glands  of,  83 
blood-vessels  of,  83 
Brunner’s  glands  of,  83 
goblet  cells  of,  80 
Lieberkiihn’s  glands  of,  82 
mucous  membrane  of,  80 
muscular  coat  of,  83 
Beyer’s  patches  of,  83 
villi  of,  80 
Sole  plate,  48 
Solitary  follicles,  83 


Somites,  151 
Special  end  organs,  48 
Spermatoblasts,  126 
S])ermat()zo(”m,  127 
Spinal  cord,  155 

anterior  cornua  of,  156 
gray  commissure  of,  158 
median  fissure  of,  155 
roots  of  nerves  of,  156 
central  canal  of,  157 
column  of  Burdach  of,  160 
of  Clarke  of,  160 
of  Goll  of,  160 
columns  of,  160 
develox)ment  of,  170 
gray  matter  of,  158 
horns  of,  156 
lateral  columns  of,  160 
posterior  gray  commissure  of,  158 
median  fissure  of,  155 
roots  of  nerves  of,  156 
white  commissure  of,  160 
matter  of,  159 
Spiral  ganglia,  45 
tubule,  99 
Spleen,  58 
blood-vessels  of,  58 
capsule  of,  58 
framework  of,  58 
lobules  of  (Moll),  58 
Mali)ighian  corjiuscles  of,  58 
pulp  of,  58 
Spongioblasts,  171 
Spongioxdasm,  17 
Spongy  bone,  38 
Squamous  cells,  24 
Staining  sections  in  bulk,  211 
Stains,  Altamann’s  granula,  211 
Bohmer’s  hsematoxylin,  210 
borax-carmin,  209 
Delafield’s  htematoxylin,  209 
Golgi’s,  212 

Mallory’s  iron-haematoxylin,  211 
Van  Gieson’s,  210 
Stellate  veins,  101 
Stomach,  77 
blood-vessels  of,  79 
cardiac  end  of,  77 
development  of,  93 
glands  of,  77,  78 
layers  of,  77 
mucous  coat  of,  77 
muscular  coat  of,  79 
nerves  of,  79 
pyloric  end  of,  78 
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Stomach,  serous  coat  of,  79 
submucous  coat  of,  79 
Stratihed  epithelium,  24 
Stratum  coriieum,  144 
grauulosum,  143 
lucidum,  144 
Malpighii,  143 
l)ai)illiB,  145 
Streak,  primitive,  202 
Striated  muscle-cell,  39 
Stroma  of  ovary,  107 
Subarachnoideau  spaces,  154 
Subdural  spaces,  154 
Sublingual  glands,  90 
Sublobular  veins,  89 
Submaxillary  gland,  91 
Submucosa,  61 
Sudoriparous  glands,  148 
Suprarenal  body,  169 
Suspensory  ligament,  184 
Sustentacular  cells,  126 
Sweat-glands,  62,  148 
Sympathetic  ganglia,  46 
nerves,  44 

System,  Haversian,  35 

rPACTILE  corpuscles,  48 
1 Tail  of  spermatozoon,  127 
Taste-buds,  67 
Taste-i>ore,  67 
Teasing  tissues,  205 
Tecbni(iue,  histological,  205 
d^eetb,  69 

cementum  of,  72 
crown  of,  69 
dentinal  fibres  of,  69 
pulp  of,  72 
sheath  of,  70 
dentine  of,  69 
dentine-tubules  of,  69 
development  of,  72 
enamel  of,  72 
enamel-organ  of,  74 
enamel-prisms  of,  72 
fang  of,  69 
ivory  of,  69 
neck  of,  (>9 

odontoblasts  of,  72,  74 
pulp  of,  72 
pulp-cavity  of,  69 
Tendon,  29 

'rcrminal  bronchioles,  137 
Terminations,  nerve,  46 
Testicle,  121 

blood-vessels  of,  126 


Testicle,  development  of,  132 
ducts  of,  125 
mediastinum  of,  123 
nerve  supply  of,  127 
rete  testis  of,  125 
secretions  of  127 
seminiferous  tubules  of,  125 
tunica  albuginea  of,  123 
vaginalis  of,  122 
Theca  folliculi,  109 
Theory  of  the  neurone,  42 
Third  corpuscle,  50 
Thymus  gland,  59 

Thyroid  gland,  colloid  substance  of, 
141 

Tissues,  17 
adipose,  31 
areolar,  29 
connective,  27 
epithelial,  23 
erectile,  of  penis,  128 
histogenesis  of,  21 
muscular,  39 
nervous,  42 
varieties  of,  21 
white  fibrous,  29 
yellow  fibrous,  29 
Tomes’  granular  layer,  72 
Tongue,  64 
mucosa  of,  64 
muscles  of,  64 
nerves  of,  67 
papilla?  of,  65 
taste-buds  of,  67 
Tonsil,  68 
palatine,  68 
pharyngeal,  69 
Tootli-pulp,  72 
Trabecula?  of  spleen,  58 
Trachea,  136 

Transitional  epithelium,  24 
Transverse  membrane  of  Krause,  40 
Triple  stain  of  Ehrlich,  214 
True  corpus  luteum.  111 
Tubes,  large,  of  Bellini,  100 
Tubular  glands,  62 
Tubule,  collecting,  of  kidney,  100 
convoluted,  of  kidney,  98,  100 
dentine,  69 
spiral,  99 
uriniferous,  96 
Tunica  albuginea,  123 
proi)i’fa,  62 
vaginalis,  121 
vasculosa,  123 
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Tympanic  cavity,  189 
membrane,  189 
Typical  cell,  17 

MBILICAL  cord,  30 
Unstriped  muscle,  39 
Ureter,  102 
Urethra,  female,  104 
male,  104 

Urinary  bladder,  103 
tract,  95 

Uriniferons  tubules,  96 
Urogenital  sinus,  106 
Uterus,  113 

blood-vessels  of,  116 
cervix  of,  114 
epithelium  of,  113 
glands  of,  114 
layers  of,  113 
masculinus,  131 
Utriculus,  191 

TTAGINA,  coats  of,  116 
V nerves  of,  117 
rugse  of,  116 
Valves  of  heart,  56 
Valvulse  conniventes,  80 
Van  Gieson’s  stain,  210 
Vasa  efferentia,  125 
recti,  124 

Vascular  system,  50 
Vas  deferens,  125 
Vater,  corpuscles  of,  48 
Veins,  55 
intralobular,  89 
portal,  88 
stellate,  101 
structure  of,  55 
sublobular,  89 
Veil®  rectse,  101 
Ventral  body-plates,  93 


Vesicle,  fore-brain,  172 
hind-brain,  172 
lens,  184 
mid-brain,  172 
o])tic,  187 
otic,  196 

Vesicula  seminales,  125 
Vestibule  of  ear,  190 
Villi  of  small  intestine,  80 
Visceral  furrow,  196 
Vitelline  membrane,  109 
Vitellus,  110 
V^itreous  humor,  173 
Voluntary  muscle,  39 
Vulva,  117 

WAGNER,  corpuscles  of,  49 
Wandering  cells,  52 
Weigert-Pal  metliod,  212 
Wharton’s  duct,  91 
jelly,  30 

white  blood-cells,  51 
fibro-cartilage,  32 
fibrous  tissue,  29 
matter  of  cord,  159 
nerve-fibres,  43 
substance  of  Schwann,  43 
Wirsung,  duct  of,  92 
Wolffian  body,  105 
duct,  106 
Wreath,  20 

^A^LOL,  211 

Yellow  bone-marrow,  36 
elastic  tissue,  29 

ZENKER’S  fluid,  207 
Zona  pellucida,  109 
Zymogen  granules,  92 
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